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Mold  Counting  of  Tomato  Products 


i.  introduction 


I 


T  !<;  estimated  that  over  four  million  tons  of  tomatoes  are  grown  annually 

s.: .»  <h.»  »i«k» »™ 

processing  (2)  In  addition  to  canned  tomato  juice,  catsup  and  tomato  sane  , 
£Ee  quantities  of  tomato  puree  and  paste  are  used  in  the  preparat.on  of  soups, 
pork  and  beans,  spaghetti  and  numerous  other  items. 


A  large  portion  of  the  tomato  prod¬ 
ucts  that  are  packed  each  year  enter 
interstate  commerce  and  are  subject  to 
federal  Pure  Food  Laws.  Many  states 
have  their  own  food  laws  as  well. 
Regulatory  officials  have  established 
very  exacting  standards  for  the  purity 
and  wholesomeness  of  our  food  prod¬ 
ucts;  and  the  preparation  and  manu¬ 
facture  of  tomato  products  in  accord¬ 
ance  with  existing  standards  is  not 
simple.  It  requires  intelligent  direc¬ 
tion  and  management  that  understands 
the  causes  for  producing  inferior  prod¬ 
ucts  and  the  means  of  avoiding  them. 
The  Howard  Mold  Count  on  the  fin¬ 
ished  product  is  one  means  by  which 
the  packer  can  check  the  efficiency  of 
the  operations — particularly  the  sorting 
and  trimming  of  the  tomatoes — em¬ 


ployed  in  the  preparation  and  canning 
of  his  tomato  products. 

The  packing  of  acceptable  canned 
tomato  products  is  not  restricted  to  any 
specific  state  or  territory.  It  is  true 
that  some  sections  of  the  country  pro¬ 
duce  greater  quantities  of  fruits  and 
vegetables  than  others  by  virtue  of 
their  climatic  conditions  or  cultural 
practices.  But  in  the  main,  the  ques¬ 
tion  of  maintaining  the  wholesomeness 
and  purity  of  the  product  rests  with 
the  individual  canner.  It  is  a  matter 
of  focus,  direction,  and  effort.  Grow¬ 
ing,  harvesting,  and  packing  practices 
are  not  static  and,  over  the  years,  we 
have  seen  a  steady  improvement  that 
has  come  about  largely  through  educa¬ 
tion. 


II.  THE  SIGNIFICANCE  OF  MOLD  IN  TOMATO  PRODUCTS 


Mold  growth,  in  significant  quanti¬ 
ties,  is  not  found  on  sound  tomatoes. 
The  growth  of  mold  on  tomatoes 
breaks  down  the  tomato  tissue  produc¬ 
ing  a  rot.  Therefore,  the  presence  of 
mold  filaments  in  tomato  products  is 
an  indication  of  rot  caused  by  previous 
damage.  Federal  and  State  Food  Law 
enforcement  authorities  consider  the 


amount  of  mold  in  canned  tomato 
products  to  be  an  index  of  the  care 
used  by  the  packer — particularly  in  the 
sorting  and  trimming  operations — to 
keep  rot  out  of  the  canned  product. 

As  increasing  proportions  of  visible 
rot  are  allowed  to  remain  on  the  toma¬ 
toes  gojng  to  the  extractor,  the  mold 
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count  on  the  finished  product  increases, 
but  the  relationship  is  not  an  exact 
one  due  to  the  nature  of  the  rot  that 
is  present.  The  character  of  the  rotten 
portion  varies  greatly.  Rots  caused  by 
some  species  of  molds  are  soft  and 
will  be  broken  up  in  the  extraction 
procedure.  Other  types  of  rot  are  hard 
and  tough  and  will  be  largely  dis¬ 
charged  with  the  skins  and  cores  with¬ 
out  contributing  much  mold  to  the 
finished  product. 

Various  investigators  have  studied 
the  problem  of  the  relationship  of 
visible  rot  to  mold  counts.  Fisenberg 
(3)  and  Smith  (4)  have  published  in¬ 
teresting  articles  on  this  subject. 


Howard  and  Stephenson  (3),  in  their 
pioneering  work  published  in  1917, 
stated:  A  low  mold  count  does  not 
necessarily  indicate  sound  stock,  but  a 
high  mold  count  always  indicates  bad 
stock  or  improper  handling.*'  Improper 
handling  refers  to  slimy  tomato  ac¬ 
cumulations  on  unclean  equipment. 
Figure  1,  reproduced  from  U.S.I)  A 
Bulletin  581  (5),  summarizes  as  daily 
averages  the  relationship  of  179  de¬ 
terminations  of  visible  rot  to  235  mold 
counts  on  samples  of  tomato  pulp 
from  17  different  factories  on  39  uays. 
Howard  and  Stephenson  connected  the 
points  on  the  graph  which  showed 
minimum  amounts  of  rot  for  a  given 
mold  count  and  obtained  a  zone  or 
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FIGURE  1 

Relation  between  percentage  by  weight  of  cut-out  rot  and  mold  count 
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range  of  possible  mold  counts  corre¬ 
sponding  to  a  given  amount  of  rot. 
It  was  apparent  that  there  would  not 
be  an  equal  contribution  of  mold  fila¬ 
ments  from  the  various  types  and 
sources  of  rot  in  proportion  to  the 
amounts  of  unfit  material.  On  an 
objective  basis,  therefore,  these  authors 
correlated  the  mold  count  with  the 
minimum  amount  of  rot  present  as 
designated  by  the  solid  line  connect¬ 
ing  the  outer  points  on  the  graph. 

Figure  2,  reproduced  by  N.C.A.  In¬ 
formation  Letter  No.  1371  (4),  shows 
in  graphic  form  the  relation  of  visible 


rot  to  mold  counts  on  124  samples  of 
unhomogenized  tomato  products.  Al¬ 
though  the  percent  by  weight  of  visible 
rot  on  tomatoes  cannot  be  determined 
with  precision,  and  the  relation  of 
visible  rot  to  mold  count  has  certain 
limitations,  the  packer  should  exercise 
every  precaution  particularly  at  the 
sorting  belt,  to  prevent  tomato  rot  from 
getting  into  the  final  product.  The 
Food  and  Drug  Administration  regards 
high  mold  counts  as  indicative  of  un¬ 
satisfactory  condition  of  the  raw  prod¬ 
uct  used  with  respect  to  the  presence  of 
decomposed  tomato  material.  Tomato 
products  exceeding  government  mold 
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count  tolerances  are  subject  to  seizure. 
When  the  significance  of  high  mold 
counts  is  considered  in  terms  of  what 
they  may  mean  to  a  packer  in  dollars 


and  cents  in  case  of  seizures,  the  need 
for  maintaining  careful  supervision 
over  the  preparation  and  canning  oper¬ 
ations  is  readily  recognized. 


III.  THE  HOWARD  MOLD  COUNT  METHOD 


The  Howard  Mold  Count  Method 
was  developed  in  1910  by  B.  J.  Howard 
of  the  Bureau  of  Chemistry  and  Soils, 
U.  S.  Department  of  Agriculture,  the 
federal  agency  then  charged  with  the 
enforcement  of  the  Food  and  Drug 
Act  of  1906.  Since  the  decay  of  toma¬ 
toes  is  largely  caused  by  molds.  How  ard 
conceived  the  idea  of  using  the  occur¬ 
rence  of  mold  filaments  in  the  com¬ 
minuted  finished  product  as  a  means 
of  ascertaining  the  presence  of  decayed 
tomato  material.  Investigational  studies 
were  started  in  the  fall  of  1908  as  a 
result  of  a  conference  between  Howard 
and  Dr  W  D  Bigelow,  then  chief 
of  the  Food  Division  of  the  Bureau  of 
<  hem  is  try.  Studies  were  conducted  by 
Howard  in  canning  factories,  and  the 
official  procedure  was  first  described 
in  U.  o.  Circular  68  (February  13, 
1911)  entitled,  "Tomato  Ketchup  Un¬ 
der  the  Microscope  with  Practical  Sug¬ 
gestions  to  Insure  a  Cleanly  Prod¬ 
uct.”  ( 1 ) 

The  Howard  Method  was  designed 
for  two  purposes:  ( 1 )  to  give  the  man¬ 
ufacturers  a  method  for  checking  their 
product  by  determining  if  their  sorters 
and  trimmers  were  doing  good  work; 
and  (2)  to  enable  the  federal  Food 
Law  [enforcement  Agencies  to  prevent 
shipment  in  interstate  commerce  of 
tomato  pulp  or  other  strained  tomato 
products  which  were  made  from  moldy 
or  decomposed  material. 


The  method  as  now  used  represents 
an  improvement  from  its  first  publica¬ 
tion  in  1911  when  an  ordinary  micro¬ 
scopic  slide  was  used  and  no  length 
designation  was  given  for  the  mold 
filaments  observed.  The  essential  prin¬ 
ciple  involved  in  the  method  remains 
unchanged  since  its  first  publication, 
i.  e.  the  correlation  of  a  microscopic 
count  of  mold  filaments  with  the 
amount  of  decomposition  in  the  sample. 
With  improved  instrumentation,  how¬ 
ever,  the  technique  of  mold  counting 
has  been  standardized  in  order  to  effect 
greater  uniformity  in  counting. 

A.O.A.C.  Official  Method 

The  official  A.O.A.C.  method  is 
uuoted  below  as  it  is  given  in  the 
Official  Methods  of  Analysis  of  the 
Association  of  Official  Agricultural 
C  hemists,  (6)  Eighth  Edition  (1933), 
page  781 : 

Tomato  Products 
(Not  Dehydrated) 

*3.38  Molds  (9)  Official 

"In  making  mold  counts  of  tomato 
products,  use  juice  and  catsup  as  it 
comes  from  container.  In  case  of  puree 
and  paste  add  H20  to  make  mixt. 
with  total  solid  content  that  will  give 
immersion  rcfractometer  reading  at  20 
of  43.0-48.7  or  refractive  index  at 
20°  of  1.3447-1.3460. 


6 


"Clean  the  Howard  cell,  35.1  (j) 
(1),  so  that  Newton’s  rings  are  pro¬ 
duced  between  slide  and  cover  glass. 
Remove  cover  and  with  knife  blade 
or  scalpel  place  portion  of  well-mixed 
sample  upon  central  disk;  using  the 
knife  blade  or  scalpel,  spread  evenly 
over  disk,  and  cover  with  glass  so  as 
to  give  uniform  distribution.  Use  only 
sufficient  sample  to  bring  material  to 
edge  of  disk.  (It  is  of  utmost  im¬ 
portance  that  portion  be  taken  from 
thoroly  mixed  sample  and  spread 
evenly  over  slide  disk.  Otherwise, 
when  cover  slip  is  put  in  place,  insol. 
material,  and  consequently  molds,  may 
be  more  abundant  at  center  of  mount.) 
Discard  any  mount  showing  uneven 
distribution  or  absence  of  Newton’s 
rings,  or  liquid  that  has  been  drawn 
across  moat  and  between  cover  glass 
and  shoulder. 

"Place  slide  under  microscope  and 
examine  with  such  adjustment  that 
each  field  of  view  covers  1.5  sq.  mm. 
(This  area,  which  is  essential,  may 
frequently  be  obtained  by  so  adjusting 
draw-tube  that  diam.  of  field  becomes 
1.382  mm.  When  such  adjustment  is 
not  possible,  make  accessory  drop-in 
ocular  diaphragm  with  aperture  ac¬ 
curately  cut  to  necessary  size.  Diam. 
of  area  of  field  of  view  can  be  detd 
by  use  of  stage  micrometer.  When  in¬ 
strument  is  properly  adjusted,  quantity 
of  liquid  examined  per  field  is  0.15 
cu.  mm.)  Use  magnification  of  90- 
125X.  In  those  instances  where  identi¬ 
fying  characteristics  of  mold  filaments 
are  not  clearly  discernible  in  std  field, 
use  magnification  of  ca200X  (8  mm 
objective)  to  confirm  identity  of  mold 
filaments  previously  observed  in  std 
field. 


"From  each  of  2  or  more  mounts 
examine  at  least  25  fields  taken  in 
such  manner  as  to  be  representative  of 
all  sections  of  mount.  Observe  each 
field,  noting  presence  or  absence  of 
mold  filaments  and  recording  results 
as  positive  when  aggregate  length  of 
not  more  than  3  filaments  present  ex¬ 
ceeds  1/6  of  diam.  of  field.  Calc, 
proportion  of  positive  fields  from  re¬ 
sults  of  examination  of  all  observed 
fields  and  report  as  %  fields  contg 
mold  filaments.”  (6) 

Steps  in  Mold  Counting 

It  should  be  noted  that  the  follow¬ 
ing  details  do  not  in  any  way  change 
the  Official  Howard  Mold  Count  Pro¬ 
cedure. 

( 1 )  Cleaning  of  Microscope 

The  microscope  is  a  delicate  and 
expensive  instrument  and  must  be 
handled  with  extreme  care.  It  is  es¬ 
sential  that  all  parts  of  the  microscope 
be  kept  scrupulously  clean,  particularly 
the  oculars,  objective,  and  mirror  in 
order  to  detect  and  correctly  identify 
the  mold  filaments,  tomato  fibres  and 
tomato  cells  that  are  present  in  the 
sample  being  examined.  The  glass  sur¬ 
faces  should  be  wiped  off  with  a  soft 
cloth  or  clean  chamois  skin.  If  the  dirt 
does  not  remove  easily,  breathe  on  the 
surface  and  rub  gently. 

(2)  Standardization  of  Microscope 

The  microscope  must  be  standard¬ 
ized  with  respect  to  the  size  of  the 
microscopic  field.  With  most  monocu¬ 
lar  microscopes  the  final  diameter  of 
the  field  can  be  set  with  the  draw-tube. 
Binocular  microscopes  should  be  stan- 
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dardized  at  the  optical  company  factory 
at  the  time  of  purchase.  This  important 
setting  should  he  verified  by  checking 
against  the  calibration  circle  etched 
in  the  right  shoulder  of  Howard  Mold 
Count  slides  having  a  circular  central 
disk  or  the  two  parallel  lines  etched 
in  the  oblong  area  of  some  makes  of 
slides.  The  diameter  of  the  circle,  or 
the  distance  between  the  two  parallel 
lines,  is  1.382  mm  as  specified  in  the 
Official  Method.  When  the  microscope 
is  properly  adjusted,  each  field  of  view 
covers  1.3  sq.  mm  and  the  quantity  of 
liquid  examined  per  field  is  0.13  cu. 
mm,  which  is  equivalent  to  about 
l/230th  of  a  drop  of  sample. 

The  binocular  microscope  has  two 
additional  adjustments:  one  changes 
the  distance  between  the  eyepieces  so 
that  both  eyes  will  sec  a  single  field. 
This  is  called  the  intcrpupillary  ad¬ 
justment.  The  centers  of  the  lenses  in 
the  two  eyepieces  are  adjusted  until 
they  are  exactly  the  same  distance 
apart  as  the  centers  of  the  observer's 
eyes.  The  other  adjustment  compen¬ 
sates  for  any  difference  between  ob¬ 
servers'  eyes.  To  make  this  adjustment, 
the  microscope  is  focused  on  a  small 
object  so  as  to  be  sharp  to  the  right 
eye.  Then  the  right  eye  is  closed  and 
the  adjustment  on  the  left  eyepiece 
turned  until  the  same  object  is  equally 
slurp  for  the  left  eye.  Then,  both  eyes 
will  see  the  same  object  equally  well. 

(3)  Preparation  of  Sample 

The  sample  to  be  examined  should 
be  representative  of  the  batch  or  lot 
from  which  it  is  taken.  Juice  and  cat¬ 
sup  are  examined  as  they  come  from 
the  container,  without  dilution.  In 


case  of  puree  and  paste,  water  is  added 
to  make  a  mixture  having  a  total  solid 
content  that  will  give  an  immersion 
refractomcter  reading  at  20°  C.  (68° 
F.)  of  43.0-48.7  or  an  index  of  re¬ 
fraction  at  20°  C.  of  1.3447-1.3460. 
This  is  equivalent  to  total  solids  as 
determined  by  drying  in  vacuo  at  70° 
C.  (138°  F. )  of  8.5%  (specific  grav¬ 
ity  1.0353)  to  9.45%  (specific  gravity 
1.0394).  In  a  tomato  product  plant, 
the  analyst  knows  the  approximate 
concentration  of  the  product  with 
which  he  is  working  and  dilution  may 
be  made  according  to  Table  6  of 
N.C.A.  Bulletin  No.  27-L  (Tomato 
Products,  Rev.).  (7)  Examples  of 
these  dilutions  are  shown  in  Table  1. 
Products  of  higher  concentration  than 
the  range  of  Table  6  (7)  may  first  be 
diluted  with  water  until  they  come 
within  that  range  and  the  dilution 
handled  according  to  the  table.  Tomato 
paste  is  diluted  1:2  of  paste  to  water. 
The  sample  taken  for  examination 
must  be  thoroughly  mixed  before  the 
preparation  of  each  slide.  This  may 
be  accomplished  by  pouring  the  con¬ 
tents  from  one  container  to  another 
several  times. 

(4)  Cleaning  of  HouarJ  Slide  and 
Cover  Glass 

The  slide  and  cover  glass  may  be 
cleaned  with  water  and  a  dry-,  lint  free 
cloth.  It  is  suggested  that  the  cleaned 
cover  glass  be  placed  on  one  end  of 
the  slide  until  used  to  keep  it  free  from 
dust  or  dirt.  Do  not  lay  it  on  the 
table.  A  test  for  cleanliness  of  the  cell 
is  to  place  the  cover  glass  in  position 
and  press  it  firmly  against  the  should¬ 
ers.  If  Newton  rings  appear  between 
each  shoulder  and  the  cover  glass  and 
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DILUTION 

TABLE  1 

OF  PUREE  (PULP)  FOR 

MOLD  COUNT 

Actual 

Sp.  Gr. 

Actual 

Ref.  Index 

Desired 
Sp.  Gr. 

Desired 
Ref.  Index 

Amt.  of  Water 
to  be  added  to 
100  ml.  of  Sample 

Total  Volume 
of 

Diluted  Sample 

1.040 

1.3462 

1.035 

1.3446 

14.5  ml. 

114.5  ml. 

1.045 

1.3478 

1.035 

1.3446 

29.2  ml. 

129.2  ml. 

1.050 

1.3494 

1.035 

1.3446 

44.0  ml. 

144.0  ml. 

1.055 

1.3511 

1.035 

1.3446 

58.5  ml. 

1  58.5  ml. 

1.060 

1.3527 

1.035 

1.3446 

73.0  ml. 

173.0  ml. 

remain  after  the  pressure  has  been 
released,  the  cell  is  considered  to  be 
sufficiently  clean.  These  rings  resemble 
a  rainbow  in  color  and  form  broken 
arcs  of  concentric  rings.  They  may  be 
observed  by  holding  the  slide  at  such 
an  angle  that  the  light  is  reflected 
from  the  cover  glass. 

(3)  Preparation  of  Slide 

After  the  slide  is  thoroughly  cleaned, 
a  small  drop  of  the  well-mixed  sample 
is  placed  upon  the  central  disk.  This 
is  accomplished  by  dipping  a  clean 
scalpel  (preferably  plastic  to  avoid 
scratching  the  glass)  into  the  sample, 
and  with  a  scooping  motion,  obtain 
the  desired  amount  of  product  so  that 
when  it  is  transferred  to  the  central 
disk,  the  quantity  will  be  sufficient  to 
entirely  cover  the  disk  but  with  only 
a  slight  amount  of  sample  squeezing 
over  the  edge  of  the  disk.  The  use  of 
a  dissecting  needle  in  removing  the 
sample  from  the  scalpel  to  the  central 
disk  may  be  helpful  particularly  with 
products  of  heavy  consistency  such  as 
catsup  and  puree  to  insure  getting  the 


proper  proportion  of  soluble  and  in¬ 
soluble  tomato  solids. 

The  "sample  drop”  is  spread  evenly 
over  the  disk  using  the  scalpel.  The 
cover  glass  is  then  held  in  a  slanting 
position  with  one  edge  resting  on  the 
two  shoulders  and  lowered  to  a  point 
where  it  is  almost  touching  the  sample 
on  the  disk,  then  it  is  lowered  rapidly 
into  place  to  spread  the  sample  evenly 
over  the  entire  disk.  The  cover  glass 
should  not  be  lowered  too  quickly, 
otherwise  it  will  cause  part  of  the 
sample  to  splash  over  onto  one  or 
both  shoulders,  thus  ruining  the  mount. 
If  the  cover  glass  is  lowered  too 
slowly,  the  sample  will  not  spread 
evenly  over  the  disk,  and  the  insoluble 
material  (and  consequently  mold  fila¬ 
ments)  may  be  more  abundant  at  the 
center  of  the  mount. 

The  preparation  of  satisfactory  slides 
showing  even  distribution  of  insoluble 
material  will  come  with  practice.  Dis- 
card  any  mount  showing  uneven  dis¬ 
tribution  or  absence  of  Newton  rines 
or  liquid  that  has  been  drawn  across 
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the  moat  and  on  to  the  shoulders  of 
the  slide.  Care  should  be  taken  to 
avoid  entrapping  air  bubbles.  An  ana¬ 
lyst  should  never  count  a  slide  with 
which  he  is  not  entirely  satisfied. 


(6)  Adjustment  of  Illumination 

Proper  illumination  is  essential.  Too 
much  light  will  conceal  fine  molds  and 
too  little  light  will  not  reveal  the  mold 
distinctly.  The  light  can  be  adjusted 
properly  for  each  particular  field  by 
focusing  carefully  on  a  filament  and 
then  opening  or  closing  the  iris  dia¬ 
phragm  or  raising  or  lowering  the  con¬ 
denser  to  produce  maximum  distinct¬ 
ness  for  the  analyst. 

(7)  Counting  of  Sample 

The  slide  is  placed  on  the  micro¬ 
scope  stage  using  approximately  1<)<)  X 
magnification  (10X  ocular  and  K)X 
h,  nun  objective)  with  such  adjust 
ment  that  each  field  of  view  covers  1.5 
sq.  mm.  The  official  method  states 
^rom  each  of  two  or  more  mounts, 
examine  at  lease  25  fields  taken  in 
such  manner  as  to  be  representative 
of  all  sections  of  mount.’  (6)  (A 
microscopic  field  is  the  value  of  ma¬ 
terial  in  the  circular  field  of  view  ob¬ 


served  on  the  central  disk  when  ex¬ 
amined  under  approximately  100X 
magnification.  Each  time  the  slide  is 
moved  a  new  field'*  comes  into  view.) 
This  is  usually  accomplished  by  count¬ 
ing  alternate  fields,  skipping  every 
other  field,  as  the  slide  is  moved  hori¬ 
zontally  and  skipping  every  other  row 
as  the  slide  is  moved  vertically.  The 
ideal  distribution  of  the  fields  counted 
would  then  be  arranged  as  shown  in 
Figure  4.  With  a  little  practice,  this 
method  of  field  selection  can  be  very 
closely  approximated. 


o  o  o  o  o 
o  o  o  o  o 
o  o  o  o  o 
o  o  o  o  o 
o  o  o  o  o 


FIGURE  4 

llluitration  of  id«al  fi*ld  tolocfion. 

Each  field  should  be  carefully  ex¬ 
amined  noting  the  presence  or  absence 
of  mold  filaments  and  recording  the 
results  as  positive  or  negative  as  the 
case  may  be.  In  those  lew  instances 
where  identifying  characteristics  are 
not  clearly  discernible,  use  magnifica¬ 
tion  of  approximately  200X  (H  mm. 
objective)  to  confirm  identity  of  the 


filament.  The  fine  adjustment  knob  is 
always  used  to  bring  into  view  fila¬ 
ments  that  may  be  at  different  depths 
in  the  field.  No  field  should  be  con¬ 
sidered  positive,  unless  the  aggregate 
length  of  not  more  than  three  of  the 
mold  filaments  present  exceeds  1/6  of 
the  diameter  of  the  field.  The  intensity 
of  illumination  may  require  changing 
to  give  proper  inspection  to  fields  of 
different  density.  Any  doubtful  fila¬ 
ment  should  be  brought  to  the  center 
of  the  field  for  better  visibility  and 
identification  and  then  returned  to  its 
original  position.  The  analyst,  while 
looking  through  the  microscope,  should 
change  the  focus  continually  using  the 
fine  adjustment  so  as  to  show  the 
finer  detail  of  mold  filaments. 

It  is  essential  that  the  fields  be 
selected  systematically  without  refer¬ 
ence  to  the  presence  of  filaments  and 
the  analyst  should  use  a  definite  pro¬ 
cedure  for  examining  every  portion  of 
the  field.  If  a  field  show's  the  presence 
of  a  large  amount  of  mold,  the  analyst 
should  record  the  field  as  positive  and 
quickly  move  to  the  next  field  to  be 
counted.  If  a  field  is  negative,  or  shows 


upon  first  glance  only  a  small  amount 
of  mold,  a  detailed  search  of  every 
part  of  the  field  is  necessary.  It  should 
be  pointed  out  that  negative  fields  are 
just  as  important  as  positive  fields.  In 
estimating  the  length  of  the  mold 
filaments  to  score  a  field  positive,  one 
filament  is  usually  sufficient.  However, 
occasionally  tw'o  filaments  are  required 
and  rarely,  the  aggregate  length  of 
three  filaments  is  needed.  A  special 
drop-in  micrometer  disc  inserted  in 
the  ocular  of  the  microscope  divides 
the  field  into  squares,  each  side  of 
which  is  1/6  of  the  diameter  of  the 
field  and  aids  materially  in  estimating 
the  length  of  the  filaments. 

(8)  Calculating  Results 

From  each  of  2  or  more  mounts 
examine  at  least  25  fields  taken  in  such 
a  manner  as  to  be  representative  of  all 
sections  of  mount.  Calculate  propor¬ 
tion  of  positive  fields  from  results  of 
examination  of  all  observed  fields  and 
report  as  percentage  of  fields  contain- 
mg  mold  filaments.”  (6)  The  percent 
of  positive  fields  can  be  calculated  by 
use  of  the  following  formula: 


Number  of  positive  fields 

v  7  rTTT  X  100  zz:  %  positive  fields 

Number  of  fields  examined 

Example:  No.  of  positive  fields  4,  4  zr  8  (2  slides) 

No.  of  fields  examined  50  (2  slides) 

8 

~  X  —  16%  positive  fields 


Example:  No.  of  positive  fields 
No.  of  fields  examined 


24 

—  X  100 
75 


6,  10,  8  —  24  (3  slides) 


75 


(3  slides) 


—  32%  positive  fields 


Interpretation  of  the 
Mold  Count  Results 

In  order  to  obtain  reliable  results, 
thorough  mixing  of  the  sample,  the 
preparation  of  the  slide,  and  the  count¬ 
ing  of  the  slides  must  all  be  done  with 
the  utmost  care  in  accordance  with 
the  official  method. 

The  results  on  a  single  slide  are  of 
limited  value.  More  than  one  slide 
should  always  be  counted.  It  has  been 
suggested,  as  a  working  basis,  that  two 
slides  must  check  within  three  positive 
fields  of  each  other,  otherwise,  one  or 
more  additional  slides  must  be  counted. 

The  Howard  Mold  Count  has  been 
carried  out  in  essentially  the  same  man¬ 
ner  since  it  was  originated  in  1910. 
A  large  amount  of  data  have  been 
accumulated  through  the  years  with 
respect  to  the  significance  of  mold 
counts  in  terms  of  the  character  of  the 
raw  product  and  the  methods  used  in 
the  washing,  sorting  and  trimming  op¬ 
erations.  That  the  method  does  have 
limitations  is  well  recognized  and 
these  limitations  are  taken  into  con¬ 
sideration  in  the  interpretation  of  the 
results.  Many  different  kinds  of  molds 
are  present  on  tomatoes  as  grown  and 
as  received  at  the  factory,  bortunately, 
in  making  official  mold  counts,  no 
attempt  is  made  to  differentiate  be¬ 
tween  types  of  mold  which  may  be 
present.  The  method  is  based  upon 
the  common  characteristics  of  the  fila¬ 
ments  which  are  to  be  classified  as 
mold. 

The  validity  of  the  Howard  Method 
has  been  challenged  many  times  over 
the  past  years,  but  it  has  been  upheld 
in  numerous  court  trials.  Although 


natural  variation  occurs  in  the  method, 
this  variation  can  be  controlled  by 
statistical  sampling  techniques.  These 
would  include  the  examination  of  ad¬ 
ditional  samples  from  the  same  code 
and  counting  more  fields  on  each 
sample;  in  other  words,  applying  sta¬ 
tistical  principles  to  the  design  of  a 
particular  lot  being  examined.  Com¬ 
petent  analysts  will  obtain  substantially 
the  same  results.  The  method  has 
been  used  by  the  tomato  industry  for 
over  40  years.  It  is  now  judicially 
recognized  as  the  official  method  of 
determining  the  presence  of  mold  in 
tomato  products  and,  on  the  basis  of 
the  counts  obtained,  as  an  index  of  the 
amount  of  decayed  tomato  material  in 
comminuted  tomato  products.  The 
Howard  Method  is  empirical  and  must 
be  followed  exactly  as  given  in  order 
to  obtain  satisfactory  results.  Only 
those  counts  made  in  accordance  with 
the  official  procedure  can  be  inter¬ 
preted  by  the  manufacturer  or  by  regu¬ 
latory  agencies. 

Normal  Variations  in 
Mold  Counting 

Any  discussion  about  the  variations 
in  mold  counts  obtained  on  different 
slides  should  keep  in  mind  two  ideas 
which  are  separate  and  entirely  dis¬ 
tinct.  The  first  is  that  the  identifica¬ 
tion  of  the  mold  filaments  in  every 
field  must  be  considered  correct.  The 
second  consideration  regarding  the  na¬ 
ture  of  tomato  products  with  respect 
to  the  distribution  of  the  mold  fila¬ 
ments  has  to  do  with  the  interpreta¬ 
tion  of  the  analytical  results.  As  seen 
by  the  analyst,  tomato  products  con¬ 
sist  of  a  mixture  of  tomato  tissues  and 
mold  filaments.  Therefore,  we  must 
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consider  the  limitations  of  distribution 
as  they  apply  to  the  sampling  of  any 
such  mixture.  A  paper  which  includes 
a  discussion  of  this  subject  was  pre¬ 
sented  by  Dr.  W.  D.  Bigelow  (8)  be¬ 
fore  the  tomato  and  tomato  products 
section  of  the  National  Canncrs  As¬ 
sociation  in  1933.  The  data  reported 
was  based  on  a  study  of  mold  counts 
on  tomato  products  made  by  analysts 
in  the  Washington  and  San  Francisco 
laboratories  of  the  N.C.A.  in  which 
six  to  twenty-seven  slides  were  ex¬ 
amined  from  each  of  78  samples.  The 
following  statement  is  quoted  from 
this  article:  "The  mold  filaments  are 
mixed  with  the  insoluble  tomato  struc¬ 
tures  of  the  sample.  It  is  well-known 
that  a  mixture  is  never  uniform  to  the 
extent  that  every  sample  taken  from  a 
thoroughly  mixed  product  should  be 
expected  to  show  just  the  true  propor¬ 
tion  of  each  constituent.  Most  of 
such  samples  will  show  close  to  the 
true  proportion  but  some  will  be  fur¬ 
ther  away.  This  grouping  of  the  re¬ 
sults  obtained  on  individual  samples 
about  the  average  or  true  results  has 
been  investigated  in  a  large  number 
and  variety  of  mixtures  and  the  same 
distinct  trend  has  been  found  in  each 
case.  Certain  formulae  and  rules  have 
been  adapted  to  these  experiments  by 
the  use  of  which  it  is  possible  to  state 
the  likelihood  that  a  single  result  will 
not  differ  from  the  average  by  more 
than  a  certain  amount.”  (8)  An  im¬ 
portant  contribution  to  this  subject 
was  made  by  Dr.  J.  D.  Wildman  of 
the  Microanalytical  Laboratory  of  the 

anS  ^F°0\wa.nid  Drug  Admin'stration. 
(7)  Dr.  W  ildman  found  that  micro¬ 
scopic  counts  follow  those  same  ten¬ 
dencies.  He  reported  the  results  of 
a  series  of  microscopic  counts  on  each 


of  three  mixtures.  A  study  of  the  re¬ 
sults  showed  that  they  are  grouped 
about  the  average  in  the  same  way  that 
had  been  observed  in  connection  with 
other  mixtures  and  the  same  rules  and 
formulae  could  be  applied.  The  micro¬ 
scopical  examination  of  a  portion  of  a 
drop  of  mixture  of  very  small  sub¬ 
stances  is  as  accurate  as  the  examina¬ 
tion  of  mixtures  of  larger  substances 
by  any  of  the  usual  methods. 

With  the  statistical  explanation,  it 
is  now  possible  to  reassure  competent 
analysts  that  occasional  wide  variations 
in  counts  may  well  be  accounted  for 
solely  on  the  basis  of  the  distribution 
of  the  filaments,  and  that  a  properly 
trained  analyst  is  not  to  change  his 
method  of  examination  because  of 
such  variations  in  individual  slides. 
This  statistical  explanation  is  very  re¬ 
assuring.  It  proves  that  the  mold 
count  method  itself  is  valid  because 
the  results  are  in  accord  with  the  gen¬ 
eral  experience  of  sampling  difficulties 
with  all  mixtures.  If  we  did  not  have 
such  difficulties,  it  would  indicate  that 
the  method  was  abnormal  and  there¬ 
fore  subject  to  criticism. 

Data  obtained  by  the  N.C.A.  as  re¬ 
ported  by  Smith  (10)  indicates  that  if 
the  counting  is  done  correctly  at  every 
step  and  if  the  true  count  of  the 
sample  is  50  percent  positive  fields, 
successive  individual  slides  will  norm¬ 
ally  be  expected  to  indicate  between  43 
and  57  percent  positive  fields  in  two- 
thirds  of  the  slides  examined,  but  the 
other  one-third  of  the  slides  examined 
may  have  positive  fields  indicating  that 
the  sample  contains  less  than  43  per- 
cent  or  more  than  57  percent  positive 
fields  These  greater  variations  are  due 
entirely  to  the  normal  distribution  of 
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the  mold  filaments  and  have  nothing 
to  do  with  the  ability  of  the  analyst 
or  the  additional  uncertainties  of  the 
preparation  of  the  slide.  Fortunately, 
the  most  probable  results  are  those 
close  to  the  average  and  the  variations 
from  the  average  tend  to  compensate 
each  other.  There  is  no  way  to  avoid 
these  variations.  Only  by  the  examina¬ 
tion  of  a  larger  number  of  slides  will 
the  average  of  all  results  obtained 
come  nearer  to  the  true  count. 

Confirmation  of  Distribution  by 
Analytical  Method 

A  question  often  asked  is,  "How  can 
the  examination  of  a  fraction  of  a  drop 
of  tomato  catsup  indicate  the  purity 
of  an  entire  batch  of  catsup?’’  This  is 
a  reasonable  inquiry. 

Recently  a  procedure  was  developed 
by  Smith  (11)  for  providing  large 
known  numbers  of  imitation  mold 
filaments  which  can  be  mixed  with  a 
known  volume  of  tomato  product  to 
give  a  sample  containing  a  predeter¬ 
mined  proportion  of  mold-like  fila¬ 
ments  of  microscopic  size.  The  exam¬ 
ination  of  such  a  known  sample  has 
yielded  results  which  give  information 
on  the  reliability  of  the  Howard  Mold 
Count  Method.  Smith  concluded  that 
"known  numbers  of  microscopic  frag¬ 


ments  resembling  mold  when  mixed 
with  tomato  products  can  be  discov¬ 
ered  and  the  approximate  number  de¬ 
termined  quantitatively  with  a  satis¬ 
factory  degree  of  accuracy.  The 
filaments  are  distributed  at  random 
throughout  the  sample  as  shown  by 
the  general  relationship  of  the  results 
on  individual  slides  to  the  results  pre¬ 
dicted  by  the  binominal  distribution. 
The  number  of  slides  that  must  be 
examined  to  attain  any  desired  degree 
of  accuracy  for  the  average  may  be 
calculated  from  the  general  considera¬ 
tions  of  random  distribution.”  (11) 

The  answer  then  to  the  original 
question  is  that  "all  of  the  mold  fila¬ 
ments  from  the  rot  are  distributed  at 
random  throughout  the  entire  batch 
and  each  minute  part  of  every  drop 
has  its  proportion  of  the  filaments. 
The  filaments  can  be  found,  identified, 
and  measured  by  the  official  Howard 
Mold  Count  Method.  Although  the 
product  is  a  mixture,  which  makes 
sampling  difficult,  the  average  of  sev¬ 
eral  slides  will  be  near  the  actual 
proportion.”  (11) 

Interpretation  of  mold  count  results 
requires  a  knowledge  of  tomato  prod¬ 
ucts  and  a  basic  understanding  of  the 
statistical  significance  of  the  random 
distribution  of  the  mold  filaments. 


IV.  TECHNICIANS  SCHOOLS  FOR  INSTRUCTION  IN  MOLD 
COUNTING  OF  TOMATO  PRODUCTS 


The  Howard  Method  for  determin¬ 
ing  the  mold  count  on  tomato  products 
cannot  be  mastered  without  personal 
instruction  in  the  details  of  the  method. 
One  of  the  best  ways  for  training 
analysts  is  to  have  them  attend  one 


of  the  several  technicians  mold  count 
schools  throughout  the  country.  The 
schools  are  sponsored  by  State  Canners 
Associations  in  conjunction  with  the 
N.C.A.  and  usually  extend  over  an 
eight-day  period. 
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Packers  of  tomato  products  employ 
analysts  during  the  canning  season  to 
check  their  products  as  they  are  being 
manufactured.  Since  this  is  seasonal 
work,  many  new  analysts  must  be  em¬ 
ployed  each  year  and  the  instruction 
of  these  analysts  in  the  details  of  the 
method  is  a  regular  part  of  the  prep¬ 
aration  for  the  canning  season.  Many 
of  these  analysts  have  not  had  previous 
training  or  experience  in  using  the 
microscope ;  others  have  had  years  of 
experience  in  this  type  of  work  but 
return  each  year  to  the  school  for  a  day 
or  two  which  they  consider  as  a  "re¬ 
fresher  course." 

The  course  of  instruction  given  at 
the  Technicians  Schools  consists  usually 
of  a  series  of  lectures,  demonstrations, 
and  special  studies.  These  include  the 
following: 

1.  The  construction,  care  and  use 
of  the  compound  microscope. 


2.  The  histology  of  the  tomato. 

3.  The  characteristics  of  the  mold 
filaments. 


4.  The  construction  and  use  of  the 
special  Howard  Mold  Count 
Cell. 


5.  The  details  of  technique  of  the 
official  Howard  Mold  Count 
Method. 


6.  Special  studies  on  the  identifica¬ 
tion  of  mold  filaments. 


7.  Special  difficulties  inherent  in  the 
nature  of  the  product  being 
examined. 

8.  Interpretation  of  the  results. 

The  first  mold  counting  school  was 
held  at  the  National  Canners  Asso¬ 
ciation  in  Washington,  D.  C.  in  1915, 
under  the  supervision  of  B.  J.  Howard 
of  the  U.S.D.A.,  and  instruction  for 
employees  of  the  N.C.A.  member  can¬ 
ners  has  been  continued  each  year  since. 
The  Western  Branch  Laboratories  of 
the  N.C.A.  also  have  provided  instruc¬ 
tion  in  the  Howard  Mold  Count 
Method  for  the  employees  of  member 
canners  since  1926.  The  N.C.A.  is  in 
charge  of  instruction  at  the  schools 
sponsored  by  the  various  state  canners 
associations,  and  is  assisted  by  repre¬ 
sentatives  of  the  research  departments 
of  the  major  can  manufacturing  com¬ 
panies. 

Technicians  Schools  for  instruction 
in  mold  counting  of  tomato  products 
have  been  conducted  at  Purdue  Uni¬ 
versity,  Lafayette,  Indiana,  since  1935 
and  at  the  New  York  State  Agricultural 
Experiment  Station,  Geneva,  New 
York,  since  1937.  Similar  schools  have 
also  been  sponsored  by  the  state  can¬ 
ners  associations  of  Arkansas,  Louisi¬ 
ana,  Maryland,  Texas,  Utah,  and  in 
the  provinces  of  Ontario,  Quebec,  and 
British  Columbia  in  Canada.  Similar 
Technicians  Schools  for  instruction  in 
mold  counting  of  pineapple  juice  have 
been  conducted  in  Puerto  Rico  and 
Mexico. 

Since  the  inception  of  the  Techni¬ 
cians  Mold  Counting  Schools,  many 
hundreds  of  analysts  have  learned  the 
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method  and  have  been  carrying  it  out 
in  accordance  with  the  official  pro¬ 
cedure.  As  new  analysts  must  be 
trained  each  year  and  since  the  details 


of  the  method  are  very  exacting,  it 
seems  that  these  schools  will  continue 
to  serve  a  very  useful  purpose  in  the 
tomato  products  industry. 


V.  THE  HISTOLOGY  OF  THE  TOMATO 


Proficiency  in  mold  counting  requires 
that  the  analyst  identify  every  particle 
in  each  field  as  part  of  the  tomato  or 
normal  constituent  of  tomato  product 
or  mold  filaments. 

In  the  process  of  manufacture,  toma¬ 
toes  pass  through  finishers  or  screens 
and  the  cells  arc  broken  into  small 


pieces  making  them,  at  times,  very  dif¬ 
ficult  to  differentiate  from  some  mold 
filaments.  A  competent  analyst  must, 
therefore,  be  very  familiar  with  the 
histology  of  the  tomato.  It  is  as  im¬ 
portant  to  know  what  is  not  mold  as 
what  is  mold.  The  tomato  cells  and 
fibers  most  commonly  encountered  are 
shown  in  Figure  5. 


SKIN  CELLS 


FIBROVASCULAR 

BUNDLES 

CORE  CELLS 


FLESH  CELLS 


SEED  HAIRS, 
COVERING  CELLS,  ETC. 


SEED  CAVITY 
LINING  CELLS 


FIGURE  5 

Tomato  sections  showing  location  of  cells  and  tissues. 
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Skin  cells  are  recognized  by  their 
greenish  yellow  color  and  irregular 
characteristic  shape.  Although  separate 
cells,  they  fit  closely  together  and 
show  definite  cell  wall  outlines.  The 
cell  contents  have  a  light  brown  cast. 
Under  100X  magnification,  a  piece  of 
skin  closely  resembles  the  surface  of 
hammered  aluminum. 


FIGURE  6 

Epidermal  or  skin  cells  (100X). 


The  flesh  cells  are  large  and  very 
thin  walled.  They  vary  in  shape  from 
oval  to  circular  and  are  often  referred 
to  as  "cellophane  footballs.”  The  cells 
lying  just  beneath  the  skin  and  next 
to  the  edge  of  the  seed  cavity  are 
smaller  and  narrower.  The  cell  con¬ 
tents  are  sparsely  granular  and  appear 
to  be  made  up  of  tapering  lines  which 
in  reality  are  folds  in  the  cell  wall. 


FIGURE  7 

Flesh  Cells  (100X). 
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The  fibrovascular  tissues  are  the 
white,  thread-like  veins  in  the  tomato 
that  carry  moisture  and  nutriment 
throughout  the  fruit.  Under  the  micro¬ 
scope  they  are  dark  in  color  and  the 
vascular  elements  of  the  bundles  re¬ 
semble  coiled  springs  in  appearance.  In 
comminuted  tomato  products  the  bun¬ 
dles  are  often  broken  and  release  short 
pieces  of  "springs,”  many  of  which 
resemble  the  letter  "S”.  These  broken 
vascular  cells  are  often  confusing  to 
an  analyst.  However,  they  may  be 
recognized  by  their  uniform  curling. 
They  are  also  usually  pointed  or  have 
a  loop  on  one  end. 


FIGURE  8 

Fibrovascular  Tissues  (200X). 


The  cells  lining  the  seed  cavity  are 
rather  small  and  thin  walled.  They 
are  irregular  in  shape  resembling 
pieces  of  a  jig-saw  puzzle  in  appear¬ 
ance.  The  cell  contents  are  almost 
clear  except  for  occasional  flecks  of 
cellular  material. 


FIGURE  9 

Seed  cavity  lining  cells  (100X). 
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The  seed  coat  is  covered  with  small 
hairs.  They  are  usually  attached  but 
occasionally  may  be  found  singly.  They 
are  thin  walled,  long,  tapering  struc¬ 
tures  with  a  bluish  tinge  and,  unless 
broken  off,  are  pointed.  Singly,  their 
appearance  resembles  an  icicle.  The 
cell  contents  are  almost  colorless.  The 
seed  covering  cells  are  very  small  and 
the  outline  of  the  cell  is  indefinite. 
The  cell  walls  are  thin  and  tend  to 
arrange  themselves  into  various  pat¬ 
terns,  the  most  common  of  which  is 
a  many  pointed  "star-like”  structure. 
These  cells  make  up  the  skin  to  which 
the  seed  hairs  are  attached. 


FIGURE  10 

Seed  hairs  and  seed  covering  cells  (100X). 


The  internal  seed  cells  vary  widely 
in  size  and  appearance.  They  range  in 
shape  from  brick-like  rectangular  to 
nearly  square  cells,  the  square  cells 
being  several  times  larger  than  the 
more  compressed  brick-shaped  cells. 
The  cell  content  of  the  large,  square 
cells  is  nearly  clear,  while  that  of  the 
more  rectangular  cells  is  darker  and 
finely  granular. 


FIGURE  11 

Internal  seed  cells  (100X). 
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The  core  cells  are  small  and  round 
with  rather  thick  walls.  The  contents 
of  the  larger  cells  are  rather  clear  while 
the  smaller  cells  have  a  light  amber 
color  due  to  the  more  dense  cellular 
materials.  The  larger  cells  tend  to 
occur  in  clumps  surrounded  by  many 
small  cells. 


FIGURE  12 
Core  cells  (100X). 


The  stem  cells  vary  in  shape  and 
size  depending  upon  their  location  in 
the  stem ;  however,  they  are  usually 
rectangular  in  appearance.  In  relation 
to  the  flesh  cells  of  the  fruit,  the  stem 
cells  are  rather  small.  They  are  char¬ 
acterized  mainly  by  the  presence  of 
chlorophyll,  a  green  coloration  within 
the  cell.  The  epidermal  hairs  of  the 
stem  are  long  and  tapering  and  are 
usually  divided  into  three  segments. 


FIGURE  13 

Stem  cells  showing  epidermal  hairs.  (100X) 
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VI.  CHARACTERISTICS  OF  MOLD 


The  characteristics  for  the  identi¬ 
fication  of  mold  hyphae  in  tomato  prod¬ 
ucts  are  described  in  Food  and  Drug 
Circular  No.  1,  ''Microanalysis  of  Food 
and  Drug  Products,”  issued  by  the 
Federal  Security  Agency.  (12)  They 
are  described  as  follows: 

Identification  of  Mold  Hyphae 

"Hyphae  as  a  general  rule  occur  in 
comminuted  foods  unaccompanied  by 
fruiting  bodies.  Since  the  identifica¬ 
tion  of  specific  molds  is  based  for  the 
most  part  on  the  type  of  fruiting  body 
produced,  it  is  generally  impossible  to 
determine  from  the  hyphae  the  kind 
of  mold  present.  However,  it  is  im¬ 
portant  that  the  analyst  be  able  to  dif¬ 
ferentiate  between  mold  hyphae  and 
the  normal  elements  found  in  the 
product.  If  the  counting  is  on  a  com¬ 
minuted  fruit  or  vegetable  product,  he 
should  assure  himself,  by  microscopical 
examination,  of  the  basic  fact  that  the 
rot  itself  consists  of  the  fruit  tissue 
and  mold.  The  analyst  should  examine 
the  mold  hyphae  and  determine  those 
features  whereby  he  can  identify  the 
hyphal  fragments  and  clumps  when  the 
fruit  is  pulped.  Mold  hyphae  in  all 
cases  are  tubular  although  they  may  ap¬ 
pear  to  be  flat  under  the  microscope. 
In  most  instances  the  diameters  of 
tubes  are  uniform,  and  hence  the  cell 
walls  appear  under  the  microscope  as 
parallel  lines.  Two  conspicuous  excep¬ 
tions  are  the  molds  of  the  Mucor  type 
and  the  Oospora,  where  the  hyphae 
are  often  tapering.”  (12) 

Granulation 

Growing  molds  have  living  proto¬ 
plasm  within  the  tubular  structure.  In 
the  growing  portions  of  the  mold,  the 


protoplasm  may  fill  the  entire  space  or 
it  may  surround  vacuoles  of  cell  sap. 
In  either  case,  the  protoplasm  usually 
presents  a  granular  or  stippled  ap¬ 
pearance.  This  character  may  persist 
after  the  mold  is  killed  in  processing, 
or  the  protoplasm  may  coagulate  into 
nongranular  hyaline  masses  or  plugs 
within  the  mold  hyphae,  leaving  a 
considerable  length  of  the  tube  free 
from  protoplasmic  material  and  thus 
empty  in  appearance. 

"Granulation  is  prominent  in  the 
Mucor  and  Rhizopus  molds  and  may  be 
indistinct  in  others.  There  may  be  only 
traces  of  protoplasmic  material  in  many 
filaments  of  the  molds  frequently 
found  in  butter.”  (12) 

Septation 

"Most  molds  encountered  in  foods 
contain  cross  walls.  These  may  be 
thought  of  as  walls  separating  the  tubes 
into  sections.  Such  molds  are  spoken 
of  as  being  septate.  The  presence  of 
cross  walls  may  serve  to  positively 
identify  otherwise  doubtful  filaments. 
However,  cross  walls  are  generally 
absent  in  Mucor  mold.”  (12) 

Branching 

"Most  molds  show  an  abundance 
of  branching.  Branching  is  frequently 
an  aid  in  the  positive  identification  of 
mold,  although  often  fragments  of 
mold  are  too  short  to  show  branch¬ 
ing.”  (12) 

An  article  by  Smith  (10)  gives  ad¬ 
ditional  suggestions  to  assist  the  micro¬ 
analyst  in  the  identification  of  mold 
filaments.  In  order  to  overcome  un¬ 
certainty  in  identification  of  question¬ 
able  filaments,  Smith  suggests  the  fol¬ 
lowing  rules: 
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Only  filaments  which  have  at  least  one  of  the  following  characteristics  shall 
be  classified  as  mold  hyphae: 


(1)  Parallel  walls  of  even  intensity  with  both  ends 
definitely  blunt. 


(2)  Parallel  walls  of  even  intensity  with  characteristic 
branching. 


(3)  Parallel  walls  of  even  intensity  with  characteristic 
granulation. 


(4)  Parallel  walls  of  even  intensity  with  definite 
septation. 


(5)  Occasionally  encountered,  parallel  walls  of  even 
intensity  with  one  end  blunt  and  the  other  end 
rounded. 


(6)  Occasionally  encountered,  slowly  tapering  walls 
of  even  intensity  with  characteristic  granulation 
or  septation. 
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Mold  filaments  include  both  fertile 
and  vegetative  hyphae.  The  fertile 
hyphae  are  those  which  bear  the  fruit¬ 
ing  bodies  or  reproductive  spores  and 
grow  above  the  surface.  These  are 
removed  by  efficient  washing  of  the 


tomatoes,  and  are  seldom  seen  in  com¬ 
mercially  canned  products.  The  vege¬ 
tative  hyphae  grow  below  the  surface 
of  the  tomato  and  are  the  ones  with 
which  the  analyst  is  primarily  con¬ 
cerned. 


VII.  PRINCIPAL  MOLDS  ENCOUNTERED  IN  TOMATO  PRODUCTS 


Rot  in  tomato  products  usually  re¬ 
sults  from  the  growth  of  molds  and 
other  microorganisms  which  have 
gained  entrance  into  the  tomato 
through  some  defect  in  the  skin.  A 
notable  exception  to  this  is  the  An- 
thracnose,  which  may  penetrate  the 
unbroken  skin  of  a  normal  tomato. 
These  skin  defects  may  be  caused  by 
excessive  rains  which  are  particularly 
damaging  to  the  fruit  at  harvest  time 
since  they  may  cause  the  fruit  to  crack 
open;  or  to  unbalanced  moisture  con¬ 
ditions  which  produce  cracks  in  the 
tomatoes  and  thus  allow  the  entrance 
of  molds  and  other  forms  of  microor¬ 
ganisms.  Tomatoes  resting  on  the  soil 
often  begin  to  rot  at  the  point  of 
contact.  Any  one  of  a  number  of 
molds  may  cause  the  rotting  once 
it  has  gained  entrance  into  the 
tomato. 


Fortunately,  in  making  official  mold 
counts,  no  attempt  is  made  to  differen¬ 
tiate  between  the  types  of  mold  which 
may  be  present.  The  Howard  Method 
is  based  on  the  common  characteristics 
of  the  filaments  of  molds  usually  en¬ 
countered  in  tomato  products.  A  des¬ 
cription  of  the  principal  molds  is  given 
in  Food  and  Drug  Circular  No.  1, 

' 'Microanalysis  of  Food  and  Drug 
Products,”  (12)  issued  by  the  Federal 
Security  Agency;  by  Howard  (13)  in 
his  publication,  "Outlines  for  Instruc¬ 
tion  in  Tomato  Microscopical  Meth¬ 
ods,”  and  in  the  U.S.D.A.  Agricul¬ 
ture  Handbook  No.  28,  "Market 
Diseases  of  Tomatoes,  Peppers  and 
Eggplants”  by  Ramsey,  et  al.  (14) 

Some  of  the  principal  molds  found 
on  tomatoes  which  may  be  observed  in 
comminuted  tomato  products  are  listed 
on  the  following  pages: 
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FIGURE  16  FIGURE  17 

Alternaria  solani  (Alternaria  Rot)  Colletotrichum  phomoides  (Anthracnose  Rot) 


FIGURE  18 

Oospora  lacti*  f.  parasitica  (Watery  Rot) 


FIGURE  19 

Rhizopus  nigricans 
(Rhizopus  Rot) 


FIGURE  20 

Phytophthora  infestans 
(Late  Blight  Rot) 
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Alternaria  Rot 

Alternaria  is  one  of  the  most  prev¬ 
alent  forms  of  molds  that  produce 
decay  on  the  tomato  in  the  field.  It 
usually  causes  a  darkening  of  the  tis¬ 
sues,  producing  a  ‘'black  rot.”  The 
most  prevalent  type  of  alternaria  rot 
which  the  canner  will  encounter  is 
that  caused  by  Alternaria  tenuis .  Alter¬ 
naria  tenuis  is  a  weak  pathogen  that 
attacks  only  injured  or  weakened  tis¬ 
sues  such  as  that  caused  by  sun  scald, 
blossom-end  rot,  growth  cracks,  or 
faulty  blossom  scars.  Tomatoes  har¬ 
vested  near  the  end  of  the  season  from 
weakened  vines  are  particularly  sub¬ 
ject  to  alternaria  rot.  (Fig.  14  and  15) 
Another  species,  Alternaria  solani, 
causes  "Early  Blight  Rot.”  (Fig.  16), 
a  small,  leathery  spot  with  zoned  mark¬ 
ings.  This  spot  is  much  less  prevalent 
than  that  caused  by  A.  tenuis.  The 
filaments  of  Alternaria  are  septate  and 
of  medium  thickness.  The  spores  are 
typical  Indian-club  shaped.  (Fig.  21 
and  22) 

Anthracnose  Rot 

Anthracnose  rot  is  caused  by  the 
fungus  Colletotrichum  phomoides  and 
is  one  of  the  worst  forms  of  decay  the 
tomato  packer  encounters,  as  the  an¬ 
thracnose  spots  usually  appear  on  sev¬ 
eral  sides  of  the  tomato,  making  it 
impractical  to  trim;  thus  it  is  neces¬ 
sary  to  discard  the  entire  tomato.  This 
fungus  is  believed  to  live  over  from 
season  to  season  on  plant  debris  in 
the  soil  and  in  and  on  the  tomato 
seed.  Warm  wet  weather  favors  spread 
of  the  fungus. 

The  production  of  anthracnose  rot 
by  the  mold,  Colletotrichum  phomoides 


is  unusual,  in  that  it  is  not  dependent 
upon  a  defect  in  the  fruit  in  order 
to  gain  entrance.  The  spores  usually 
germinate  on  the  surface  of  the  green 
tomato  and,  as  the  fruit  ripens  and  the 
tissues  become  softer,  the  mold  pene¬ 
trates  the  apparently  normal,  unim¬ 
paired  skin  of  the  tomato.  The  growth 
is  characterized  by  a  concentration  of 
the  mycelia  and  spores  just  beneath  the 
surface  of  the  skin.  In  the  early  stage, 
anthracnose  lesions  are  small,  circular, 
slightly  sunken,  water-soaked  spots. 
When  the  spots  attain  a  diameter  of 
about  l/2  inch  ^ey  become  darker,  and 
cream  to  salmon-pink  spore  masses  ap¬ 
pear  in  the  center.  Later  these  spore 
masses  appear  as  dark  dots  arranged 
more  or  less  in  concentric  rings.  The 
mycelium  is  septate  and  very  fine,  hav¬ 
ing  the  smallest  diameter  of  any  of  the 
molds  commonly  infesting  tomatoes. 
The  spores  are  small  and  elliptical  in 
shape.  Anthracnose  rot  often  causes 
high  mold  counts  in  comminuted 
tomato  products.  (Fig.  17,  23  and  24) 

Oospora  (Oidium)  Rot 

This  genus  is  referred  to  as  Oospora 
or  Oidium.  Watery  rot  (also  known  as 
Oospora  rot)  is  a  common  decay  of 
tomatoes.  It  is  caused  by  the  fungus 
Oospora  lactis  f.  parasitica.  (Fig.  18) 
The  mold  grows  best  and  produces 
most  rapid  decay  at  a  temperature  of 
about  85°  F.  It  grows  on  cracked, 
broken  tomatoes  and  is  frequently 
found  in  the  canning  plant.  This 
mold  occurs  on  plant  equipment  if  it 
is  not  kept  scrupulously  clean.  It  has 
a  white,  slimy  appearance.  Growing 
under  these  conditions,  it  commonly 
takes  on  a  feathery  appearance,  (big. 
25) 
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When  this  mold  is  observed  in 
comminuted  tomato  products,  it  is  good 
evidence  of  insanitary  conditions  in  the 
plant  equipment  employed  for  packing 
the  product.  Equipment  infected  with 
this  mold  growth  gives  off  a  peculiar, 
characteristic  fetid  odor  that  can  be 
readily  detected. 

Oospora  (Oidium)  mold  propagates 
by  the  separation  of  cells  from  any 
part  of  the  mycelium  to  form  individual 
"oidia”  or  spores.  The  spores  are  1 1/2 
to  2  times  as  long  as  they  are  wide  and 
are  essentially  cylindrical  with  the  ends 
somewhat  convex.  The  filaments  are 
septate.  (Fig.  26) 

Mucor  and  Rhizopus  Rot 

These  two  genera  are  grouped  to¬ 
gether  since  their  appearance,  manner 
of  growth,  and  effect  on  tomatoes  are 
quite  similar.  They  are  the  types  that 
produce  the  "leakers.”  Tomatoes  which 
have  been  attacked  by  these  molds  be¬ 
come  soft  and  mushy.  There  is  no 
discoloration  and  the  soft  consistency 
of  the  rot  gives  it  a  water-soaked  ap¬ 
pearance  as  seen  through  the  distended 
red  skin.  The  rot  develops  deeply  and 
rapidly  and  soon  affects  the  entire  to¬ 
mato.  The  coarse  mycelium  of  Rhizo¬ 
pus  can  be  seen  by  carefully  pulling 
apart  the  decayed  tissue.  This  type 
of  mold  is  prevalent  in  tomatoes  that 
have  been  held  for  some  time  after 
picking  before  being  canned.  (Fig. 
19) 

The  mold  consists  of  coarse,  whitish 
threads.  It  grows  into  the  tissue  and 
also  aerially.  The  aerial  portion  has 
a  loose,  cottony  appearance,  and  the 
spores  are  produced  in  little  spherical 
shaped  sporangia,  which  to  the  naked 


eye  look  like  black  specks  scattered 
over  the  cottony  mycelium.  The  spores 
are  generally  black  or  brown  and  the 
mycelium  white  or  gray.  The  mycelium 
is  coarse  in  texture,  nonseptate,  and  has 
coarse,  granular  contents.  (Fig.  27  and 
28) 

Fusarium  Rot 

Fusarium  rot  occurs  in  tomatoes 
from  all  producing  areas  in  the  country. 
It  is  most  destructive  on  ripe  tomatoes 
in  the  field.  The  symptoms  of  fusar¬ 
ium  rot  on  vine-ripened  fruits  are  a 
slight  water  soaking,  sinking,  softening 
and  wrinkling  of  affected  tissues.  The 
decay  progresses  rapidly  and  may  cause 
complete  destruction  in  a  few  days. 
Any  one  of  a  number  of  different 
species  of  Fusarium  can  cause  the  de¬ 
cay.  Entrance  to  the  fruit  is  through 
wounds,  insect  injuries  and  lesions 
caused  by  other  diseases.  The  causal 
fungi  cause  maximum  decay  at  75°  F. 

Fusarium  mold  appears  early  in  the 
center  of  the  spot  of  rot  as  a  slightly 
raised,  whitish  or  pinkish  mass  of 
mold  which  is  quite  characteristic  to 
one  who  has  become  familiar  with  it. 
The  spores  are  confined  to  microcon- 
idia  unless  sporodochia  are  formed, 
from  which  are  issued  the  sickle¬ 
shaped  spores.  These  spores  may  divide 
transversely  by  septae  into  two  or  more 
divisions.  The  mycelium  is  septate. 
(Fig.  29  and  30) 

Penicillium  Rot 

P enicillium  is  a  member  of  the  so- 
called  blue-green  molds  so  often  found 
on  moldy  bread.  It  is  at  times  found 
upon  tomato  material,  although  it  is 
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not  as  prevalent  as  some  of  the  forms 
already  mentioned.  It  will  develop 
both  in  the  field  and  in  the  plant.  Peni- 
cillium  mold  is  characterized  by  brush¬ 
like  fruiting  hyphae  with  numerous 
spores  produced  in  chains  at  the  ends 
of  the  finger-like  extensions.  The  my¬ 
celium  is  septate.  (Fig.  31)  As  a 
matter  of  interest,  the  antibiotic,  Peni¬ 
cillin,  is  produced  by  the  mold  Penicil- 
lium  notatum.  Some  cheeses  are  rip¬ 
ened  by  the  use  of  molds  belonging  to 
the  genus  Penicillium. 

Aspergillus  Rot 

Aspergillus  is  not  common  on  to¬ 
matoes  although  it  is  occasionally 
found.  Growth  may  occur  in  cracks 
and  injured  areas  of  the  tomato,  both 
in  the  field  and  in  lug  boxes.  The 
hyphae  are  branched  and  septate.  The 
hyphae  enlarge  at  the  apex  of  the  con- 
idiophores  which  bear  the  spores.  The 
conidiophores  are  unbranched  and  usu¬ 
ally  long.  This  type  of  mold  should 
not  cause  much  concern  in  the  micro- 
analytical  examination  of  comminuted 
tomato  products.  (Fig.  32) 

Botrytis  Rot 

Gray  mold  rot  is  a  fungus  decay 
caused  by  Botrytis  cinerea  auct.  com¬ 
monly  found  affecting  market  tomatoes 
but  seldom  in  sufficient  amount  to 
make  it  of  major  commercial  impor¬ 
tance  to  the  canner.  The  mold  can 
enter  the  tomato  through  the  unbroken 
skin  or  through  cracks  and  injured 
areas.  It  may  be  classed  as  a  field 
mold  as  it  attacks  tomatoes  in  the  field. 
As  indicated  by  the  name  of  the  rot, 
the  mold  grows  over  the  decayed 
areas  in  the  form  of  a  prominent  gray 
mold.  (Fig.  33) 


Phytophthora  Infestans  Rot 

The  fungus  Phytophthora  infestans 
is  the  cause  of  "late  blight”  rot  on  to¬ 
matoes.  The  amount  of  damage  caused 
is  directly  related  to  the  weather  condi¬ 
tions  during  and  a  few  weeks  before 
harvest.  Most  serious  losses  occur  dur¬ 
ing  wet  seasons  when  the  nights  are 
cool  (50°-60°  F.)  and  the  days  only 
moderately  warm  (60°-70°  F.).  Mean 
daily  temperatures  above  75°  F.  for 
one  to  two  weeks  check  the  disease. 
The  spores  of  the  fungus  are  killed 
within  a  few  days  during  dry  weather 
when  the  temperature  reaches  80°  F. 
or  above. 

Late  blight  often  starts  at  the  stem 
scar,  but  it  can  occur  anywhere  on  the 
tomato. 

Stemphylium  Rot 

Stemphylium  or  gray  leaf  spot, 
caused  by  Stemphylium  solani,  is  a 
fungus  disease  of  the  foliage  and  oc¬ 
casionally  affects  the  fruit.  The  disease 
is  most  severe  in  warm,  humid  weather 
and  at  times  it  causes  a  severe  de¬ 
foliation  of  the  plants  in  both  the 
seed  bed  and  the  field.  (Fig.  35) 

Cladosporium  Rot 

Cladosporium  rot  of  tomatoes  is 
caused  by  Cladosporium  herbarum. 
Cladosporium  rot  may  be  of  con¬ 
siderable  importance  in  the  field  under 
conditions  of  high  humidity  and  pro¬ 
longed  bearing  of  old  vines.  The  fung¬ 
us  is  most  destructive  when  the  temp¬ 
erature  ranges  between  65°  to  80°  F. 
(Fig.  36) 
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FIGURE  21 
Alternaria— 
Spores  (XI  50) 


FIGURE  22 
Alternaria — 

Spores  and  Mycelia 
(X200) 
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FIGURE  23 
Colletotrichum 
(Anthracnose)  on 
Tomato— Mycelia 
and  Spores  (X150) 


FIGURE  24 
Colletotrichum 
phomoides — 
Anthracnose  rot 
fragment  from 
tomato  puree  (X75) 
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FIGURE  25 

Oospora— 
Machinery  Mold 
(XT  00) 


FIGURE  26 
Oospora — 

Mycelia  and  Spores 
(XI 50) 
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FIGURE  27 

Mucor — Sporangia 
and  Mycelia  (X200) 


FIGURE  28 

Rhizopus — 
Sporangial  Heads 
and  Mycelia  (X100) 
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FIGURE  29 
Fusarium — 
Spores  (X200) 


FIGURE  30 
Fusarium  — 

Mycelia  and  Spores 
(X200) 


FIGURE  31 
Penicillium — 
Mycelia  and 
brush-like 
conidial  heads 
(X200) 


FIGURE  32 
Aspergillus— 
Mycelia  and 
conidial  heads 
(X100) 
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FIGURE  33 
Botrytis — My  celia 
and  Spores  (X100) 


FIGURE  34 
Phytophthora 
infestans  Mycelia 
from  a  Blighted 
Tomato  (X300) 
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FIGURE  35 

Stemphylium  — 
Spores  and  Mycelia 
1X200) 


FIGURE  36 

Cladosporium  — 
Spores  and  Mycelio 
(X200) 
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VIII.  SOME  FACTORS  IN  THE  PACKING  OPERATIONS 
WHICH  AFFECT  MOLD  COUNTS 


The  control  of  rot  in  canned  tomato 
products  is  the  direct  responsibility  of 
plant  management  in  the  supervision 
of  the  packing  operations.  A  high 
mold  count  is  a  post-mortem  observa¬ 
tion  of  conditions  in  the  plant  con¬ 
tributing  rot. 

Mold  in  tomato  products  may  come 
from  two  sources:  (1)  moldy  tomatoes 
as  the  result  of  poor  sorting  and  trim¬ 
ming  operations,  and  (2)  contami¬ 
nated  plant  equipment.  Smith  (10) 
discusses  this  subject  in  his  article 
"Mold  Count  on  Tomato  Products, 
Part  II.  The  Occurrence  and  Distribu¬ 
tion  of  Mold  Filaments  in  Tomato 
Products.”  Much  of  the  following  ma¬ 
terial  pertaining  to  the  sorting  and 
trimming  of  tomatoes  is  based  on  in¬ 
formation  contained  in  this  article. 

Efficient  Sorting  and  Trimming  of 
the  Tomatoes 

Canners  should  use  as  good  a  raw 
product  as  possible  so  that  a  minimum 
of  sorting  and  trimming  is  necessary. 
They  should  especially  be  on  the  look¬ 
out  for  any  evidence  of  anthracnose 
infestation  in  the  fields  or  in  the 
loads  of  tomatoes  received  at  the 
cannery. 

Efficient  sorting  and  trimming  of 
the  tomatoes  require  that  each  tcmato 
be  inspected  on  all  sides  and  visible 
rot  cut  out  by  hand.  Roller  conveyers 
which  turn  the  tomatoes  continuously 
as  they  pass  in  front  of  the  inspectors 
are  particularly  well  adapted  for  this 
purpose.  It  cannot  be  emphasized  too 
strongly  that  sorting  and  trimming  of 


the  tomatoes  are  separate  operations. 
Those  who  are  to  sort  out  defective 
tomatoes  must  be  given  special  train¬ 
ing  in  this  work.  Those  who  do  the 
trimming  must  also  be  given  special 
instructions.  Each  group  of  sorters 
must  be  actively  on  the  job  whenever 
tomatoes  are  passing  over  the  belt.  All 
of  the  sorters  must  be  shown  the  par¬ 
ticular  kinds  of  defects  that  must  be 
removed  from  the  tomatoes.  They 
should  be  able  to  recognize  anthracnose 
spots  on  tomatoes  and  to  understand 
the  difference  between  a  crack  that  is 
healed  over  without  growth  of  mold 
and  one  where  there  is  evidence  of 
mold  development.  The  significance 
of  sunburn  or  other  affected  portions 
of  the  surface  which  do  not  contain 
mold  must  be  explained.  Blight  spots 
on  tomatoes  must  be  pointed  out  to 
the  sorters.  Tomatoes  may  be  sorted 
both  before  and  after  washing,  but 
the  final  sorting  should  be  after  wash¬ 
ing.  If  the  tomatoes  are  exceptionally 
bad  with  respect  to  mold,  it  is  advis¬ 
able  to  sort  out  and  discard  the  badly 
decayed  tomatoes  before  they  go  to 
the  washer  by  use  of  a  "dry  sorting 
belt”. 

It  should  be  emphasized  that  the 
sorting  and  trimming  of  the  tomatoes 
is  the  most  important  operation  with 
respect  to  insuring  that  they  be  free 
from  mold.  Inspection  at  the  end  of 
the  belt  where  the  tomatoes  fall  into 
the  chopper  or  extractor,  readily  dis¬ 
closes  whether  the  sorters  and  trimmers 
are  adequately  removing  the  rot.  Those 
who  trim  the  tomatoes  which  have 
been  sorted  out  must  be  taught  which 


37 


portions  are  to  be  cut  out.  Emphasis 
here  is  again  on  the  importance  of 
small  spots  of  anthracnose.  A  rela¬ 
tively  small  amount  of  anthracnose 
may  result  in  a  high  mold  count. 
Every  tomato  that  is  set  aside  for  trim¬ 
ming  must  be  picked  up  and  examined 
by  the  trimmer.  Only  the  sound  por¬ 
tions  of  tomatoes  are  used.  In  most 
cases,  the  rot  is  localized  so  that  it  is 
possible  to  cut  out  all  of  the  rot  and 
leave  the  remainder  suitable  for  use. 
If  there  is  any  appreciable  amount  of 
anthracnose,  however,  this  is  very  dif¬ 
ficult.  Usually,  it  is  not  worthwhile 
to  trim  tomatoes  containing  anthrac¬ 
nose;  the  entire  tomato  should  be 
discarded. 

Decayed  portions  of  the  tomato 
should  be  cut  out  using  a  sharp  knife 
and  not  "dug  out”  with  the  fingers. 
Under  no  circumstances  should  the 
tomatoes  be  trimmed  where  the  trim¬ 
mings  might  fall  on  the  sorting  and 
trimming  belt.  The  trimmers  should 
be  located  at  a  separate  table  and  the 
tomatoes  trimmed  directly  over  a  water 
flume  adjacent  to  the  table  or  belt 
which  conveys  the  trimmings  from  the 
factory. 

Proper  Lighting 

Sorting  belts  should  be  well  lighted. 
The  best  possible  illumination  is  a 
good  investment.  Factories  vary  in  this 
respect.  According  to  a  recent  survey 
on  lighting,  the  optimum  level  of  il¬ 
lumination  for  tomato  sorting  and 
trimming  operations  should  range  be¬ 
tween  80  and  100  foot  candles.  (15) 
Lights  are  preferably  placed  below  the 
level  of  the  eyes  of  the  inspectors, 
with  proper  shields  so  that  the  light 


goes  on  the  table  and  not  in  the  eyes 
of  the  workers.  The  lights  should 
be  diffused  rather  than  glaring. 

Speed  of  the  Sorting  Belt 

The  speed  of  the  sorting  belt  must 
not  be  substantially  greater  than  25 
feet  per  minute.  The  tomatoes  passing 
the  inspectors  must  not  be  more  than 
one  layer  deep. 

Efficient  Washing  of  the  Tomatoes 

Tomatoes,  like  most  field  grown 
crops  when  delivered  to  the  cannery, 
have  some  dirt  and  other  foreign  mat¬ 
ter,  including  mold,  on  the  surface  of 
the  fruit.  During  or  following  a  peri¬ 
od  of  wet  weather,  this  is  substantially 
increased  and  usually  a  considerable 
amount  of  mud  adheres  to  the  toma¬ 
toes.  Therefore,  it  is  important  that 
the  tomatoes  be  efficiently  washed. 
The  washing  of  tomatoes  prior  to  pro¬ 
cessing  has  been  largely  a  matter  of 
the  canner’s  personal  opinion  and  ex¬ 
periences.  An  industry  survey  indicates 
that  a  soaking  period  followed  by  spray 
washing,  or  spray  washing  alone,  is 
used  in  most  instances.  The  spray 
washing  methods  employed  vary  from 
water  dripping  from  holes  drilled  in 
pipes  to  patented  nozzles  operating 
under  relatively  high  water  pressure. 

The  following  suggestions  are  of¬ 
fered  as  a  guide  for  efficient  washing 
operations: 

1.  Water  pressures  between  80  and 
100  pounds  per  square  inch  as 
indicated  by  a  gauge  placed  in 
the  water  line  just  back  of  the 
spray  outlets,  are  advocated  de¬ 
pending  upon  nozzle  design. 
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2.  Whether  the  washing  is  done  by 
a  rotary  cylinder  or  a  roller  belt, 
the  tomatoes  should  not  be  more 
than  one  layer  deep. 

3.  A  combination  of  flat  and  solid 
cone  spray-type  nozzles  is  be¬ 
lieved  to  give  the  most  effective 
washing  action.  Use  a  spray 
which  produces  coarse  drops,  not 
a  fog  spray.  The  base  of  the 
water  cone  should  intersect  with 
the  adjacent  cones  not  more  than 
one  inch  above  the  level  of  the 
top  of  the  tomato  layer.  The 
outlet  end  of  the  nozzle  should 
be  not  more  than  ten  inches 
from  the  top  surface  of  the  to¬ 
matoes.  (Obviously,  all  sprays 
should  function  properly  and  be 
checked  regularly  to  see  that 
none  is  clogged.) 

4.  The  tomatoes  should  be  under 
continuous  spray  for  not  less 
than  3  minutes  and  should  be 
rotating  constantly  while  under 
the  spray  at  a  rate  of  not  less 
than  6  to  10  r.p.m.  For  unusu¬ 
ally  soft  tomatoes  this  time 
should  be  doubled. 

5.  In  areas  where  the  tomatoes  are 
grown  on  fine  clay  or  sandy  soils, 
the  tomatoes  should  first  be 
soaked  in  a  running  water  bath 
(such  as  a  flume)  for  not  less 
than  4  to  6  minutes  in  order 
that  the  dirt  may  be  removed 
prior  to  pressure-spray  washing. 
If  a  soak  tank  is  used,  the  water 
in  the  tank  should  be  drained  at 
least  twice  a  day  and  the  tanks 
cleaned  and  refilled  with  fresh 
water.  A  false  bottom  soak  tank 
with  suitable  outlets  has  been 


suggested  to  permit  frequent  re¬ 
moval  of  the  accumulated  soil. 

Two  general  difficulties  encountered  in 
constructing  spray  washing  systems  are: 
(1 )  a  failure  to  provide  sufficient  water 
to  operate  the  system,  and  (2)  failure 
to  use  sufficiently  large  inlet  pipes  to 
carry  the  volume  of  water  required  and 
compensate  for  pressure  loss  in  the 
system.  It  is  suggested  that,  prior  to 
the  installation  of  a  spraying  system, 
the  manufacturers  of  such  equipment 
be  contacted  to  obtain  the  benefit  of 
their  experience  in  the  design  and  lay¬ 
out  for  a  specific  plant  to  insure  maxi¬ 
mum  efficiency  with  economy  of  opera¬ 
tion. 

It  is  not  suggested  or  implied  that 
the  washing  operations  should  replace 
the  sorting  and  trimming  of  the 
tomatoes  but  to  supplement  them.  The 
mold  filaments  penetrate  the  flesh  of 
the  tomato,  and  trimming  is  necessary 
to  remove  the  mold.  Many  packers 
have  found  it  desirable,  as  the  toma¬ 
toes  leave  the  pressure  spray  washer, 
to  have  them  pass  under  another  short 
set  of  pressure  sprays  as  they  enter 
the  sorting  belt  and  again  after  sorting, 
just  prior  to  entering  the  chopper  or 
extractor.  In  order  to  avoid  the  pos¬ 
sibility  of  added  water  being  carried 
over  into  the  chopper  or  juice  ex¬ 
tractor,  it  is  suggested  that  the  latter 
set  of  pressure  sprays  be  located  ap¬ 
proximately  10  feet  from  the  end  of 
the  sorting  belt  and  that  this  portion 
of  the  conveyor  unit  be  either  a  metal 
roller  type  or  of  open  metal  wire  con¬ 
struction  to  permit  proper  drainage. 

Washing  of  Sorting  Belts 

Sorting  belts  should  be  kept  clean 
and  free  of  extraneous  refuse.  A  set 
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of  sprays,  using  chlorinated  water,  lo¬ 
cated  at  each  end  on  the  underside  of 
the  sorting  belt  as  it  makes  its  return 
trip  is  very  helpful  for  this  purpose. 

The  sorting  and  trimming  belts 
should  be  completely  emptied  of  toma¬ 
toes  and  the  belts  thoroughly  cleaned 
prior  to  any  extended  shut-down 
period,  such  as  lunch  hour,  etc. 

Clean  Plant  Equipment 

There  is  no  excuse  for  the  accumula¬ 
tion  of  mold  growth  on  factory  equip¬ 
ment.  All  surfaces  exposed  to  the  to¬ 
matoes  or  the  juices  must  be  kept  free 
from  tomato  refuse  and  visible  dirt. 
The  inspection  table  and  belt  should 
be  constructed  so  that  every  part  can 
be  seen  and  cleaned.  The  under  sur¬ 
faces  of  the  belt  and  guard  rails  are 
often  neglected.  A  strong  stream  of 
cold  chlorinated  water  is  usually  suffi¬ 
cient  for  cleaning,  but  if  not,  this 
should  be  supplemented  by  brushing 
or  high  pressure  jets.  Juice  lines 
should  be  examined  for  dead  ends. 
An  article  by  Wildman  and  Clark 
(16)  describes  some  examples  of  ma¬ 
chinery  slime  in  tomato  factories.  They 
found  mold  accumulation  on  certain 
equipment,  especially  the  sorting  tables 
and  were  able  to  identify  the  typical 
"machinery  mold’’  in  the  final  product. 

Too  much  emphasis  cannot  be  placed 
upon  good  plant  sanitation,  especially 
with  respect  to  the  cleaning  of  wood 
pulp  tanks,  pipe  lines,  finishers  and 


shaker  screens.  A  number  of  instances 
have  been  observed  where  the  sorting 
and  trimming  operations  were  good 
and  the  juice  from  the  extractor  had 
a  low  mold  count  but  the  mold  count 
of  the  finished  product  was  high.  Ob¬ 
viously,  this  indicates  contaminated 
equipment  as  the  source  of  the  trouble. 

Sanitation  control  in  the  tomato 
factory,  as  in  all  food  processing  plants, 
is  essential  for  the  production  of  high 
purity  products.  Briefly,  sanitation 
means  keeping  the  plant  and  equip¬ 
ment  clean.  To  do  this  requires  the 
establishment  of  a  definite  sanitation 
program.  The  primary  responsibility 
rests  entirely  upon  plant  management. 
Top  management  should  familiarize 
themselves  with  the  problems  of  sani¬ 
tation  in  their  own  plant.  If  pos¬ 
sible,  some  one  individual  should  be 
appointed  "plant  sanitarian’’  and 
serve  as  a  full-time  employee.  If  a 
part-time  sanitarian  is  appointed,  then 
he  must  be  relieved  of  sufficient  of  his 
other  duties  to  give  him  freedom  to 
spend  sufficient  time  on  sanitation.  The 
plant  sanitarian  should  be  responsible 
directly  to  management.  He  must 
function  in  both  regulatory  and  ad¬ 
visory  capacities  to  insure  that  the 
tomato  products  produced  or  handled 
meet  all  the  sanitary  requirements. 
An  efficient,  continuous  sanitation 
program  should  be  so  planned  and 
organized  as  to  maintain  at  all  times 
a  good  appearing  plant,  producing 
high  quality  products. 


IX.  EFFECT  OF  HOMOGENIZATION  ON  MOLD  COUNT 


Homogenization  is  employed  by 
some  packers  in  their  operations  for 
packing  tomato  juice.  The  effect  of 


homogenization  on  the  mold  count  is 
irregular  due  to  the  character  of  the 
mold.  However,  the  mold  count  is 
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TABLE  II. 

TOMATO  JUICE-EFFECT  OF 
HOMOGENIZATION  ON  MOLD  COUNT 


Percent 
by  Weight 
Visible  Rot 
to  Extractor 

Mold  Count 
Percent  Positive  Fields 

Before 

Homogen¬ 

ization 

After 

Homogen 

ization 

0.13 

10 

10 

0 

0 

8 

Trace 

12 

16 

0.16 

8 

6 

0 

0 

26 

0 

4 

31 

0.52 

4 

24 

0.05 

6 

34 

0.44 

16 

26 

0.28 

18 

20 

0.14 

18 

28 

0.06 

10 

12 

0.02 

10 

30 

0.12 

10 

20 

Trace 

10 

10 

0.26 

16 

33 

0.10 

6 

14 

0.04 

10 

24 

Average  0.13 

9.3 

20.6 

usually  higher  after  homogenization 
as  the  pressue  employed  breaks  up  the 
clumps  of  mold  that  are  present  into 
separate  filaments,  and  the  individual 
filaments  are  sometimes  broken  into 
smaller  pieces.  Smith  (4)  in  his 
paper  "The  Relation  of  Visible  Rot 
to  Mold  Counts”,  shows  the  effect  of 
homogenization  on  mold  count  of 
tomato  juice,  as  expressed  in  Table  II. 

"The  above  data  are  in  line  with 
general  knowledge  previously  ob¬ 
tained  but  show  numerically  the  ex¬ 
tent  of  such  increase  in  the  mold 
count.”  (4) 

The  Federal  Food  and  Drug  Ad¬ 
ministration  recognizes  the  possible 
effect  of  homogenization  on  the  mold 
count  as  published  in  their  official  state¬ 
ment  released  on  July  17,  1940: 

”...  Adequate  allowances  will  be 
made  in  applying  the  tomato  juice 
tolerance  to  those  articles  which 
have  been  subjected  to  a  homogen¬ 
ization  process.” 


X.  RECENT  ANNOUNCEMENT  OF  U.  S.  FOOD  AND  DRUG 
ADMINISTRATION  ON  COMMINUTED  TOMATO  PRODUCTS 


The  Food  and  Drug  Administration 
recently  clarified  their  attitude  with 
regard  to  the  presence  of  mold  and 
rot  in  comminuted  tomato  products. 
On  July  20,  1951,  they  issued  a  Trade 
I  >ess  Memorandum  (17)  about  com¬ 


minuted  tomato  products  which  was 
sent  to  canning  industry  trade  papers 
to  furnish  them  with  background  in¬ 
formation.  On  the  same  date,  they 
issued  the  "Statements  of  General 
Policy  or  Interpretation,  Comminuted 
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Tomato  Products  Containing  Rotten 
Tomato  Material”  which  was  pub¬ 
lished  in  the  Federal  Register,  July  20, 
1951,  and  in  the  N.C.A.  Information 
Letter  of  July  21,  1951.(18) 

In  view  of  the  importance  of  this 
information  to  canners  of  tomato 
products,  these  reports  are  included 
here  in  their  entirety. 

Trade  Press  Memorandum— 

July  20,  1951 

"Factory  inspections  have  led  to  the 
conclusion  that  many  manufacturers 
of  tomato  products  (catsup,  chili 
sauce,  paste,  etc.)  have  been  placing 
too  much  emphasis  on  mold  count  as 
an  indicator  of  the  condition  and  suit¬ 
ability  of  the  raw  stock  for  packing. 
No  doubt  Food  and  Drug  Admin¬ 
istration’s  well  known  policy  of  initiat¬ 
ing  legal  actions  on  the  basis  of  mold 
count  has  had  a  great  deal  to  do  with 
this.  It  has  become  evident,  however, 
that  abuses  have  arisen.  Some  firms 
are  relying  on  mold  count  rather  than 
emphasizing  their  sorting  and  trim¬ 
ming  operations. 

"Some  firms  have  their  own  mold 
counting  laboratories  and  make  fre¬ 
quent  checks  during  daily  production. 
When  the  mold  count  is  running 
safely  low,  it  is  a  common  practice  of 
some  packers  to  cut  down  on  the  sort¬ 
ing  and  trimming  operations  and  in¬ 
crease  the  loading  of  the  sorting  belts, 
event  though  substantial  portions  of 
rotten  tomatoes  may  be  going  into  a 
product  as  shown  by  visual  inspection. 
Some  firms  even  have  green-amber-red 
signal  light  systems,  operated  from  the 
mold  count  laboratory  and  visible  to 
the  supervisor  of  sorting  and  trim¬ 


ming.  This  directs  the  addition  or 
substraction  of  personnel  from  those 
operations,  depending  on  the  mold 
count,  sometimes  without  any  regard 
to  the  visual  appearance  of  the  toma¬ 
toes  on  the  inspection  belt. 

"Other  smaller  firms  regularly  send 
samples  to  commercial  laboratories  for 
counting.  Results  on  these  samples 
may  determine  whether  the  production 
will  be  withheld  from  interstate  com¬ 
merce,  blended  with  other  products  to 
produce  a  low  mold  count,  or  used  in 
the  manufacture  of  other  foods  where 
the  mold  count  will  be  reduced  or  at 
least  partially  obscured. 

Rots  caused  by  bacteria  and  viruses 
do  not  increase  the  mold  count  of 
tomato  products.  Further,  even  the 
several  types  of  fungus  rots  that  are 
characterized  by  mold  filaments  vary 
considerably  in  the  extent  to  which  the 
mold  count  will  be  increased.  During 
the  1950  packing  season,  tomatoes  in 
some  areas  were  affected  by  a  soft  rot 
which  was  apparently  caused  largely 
by  bacteria,  virus,  or  a  type  of  fungus 
characterized  by  small  numbers  of 
mold  filaments.  Some  packers  used 
from  30  to  50  per  cent  of  tomatoes 
affected  with  this  type  of  rot  without 
materially  raising  the  mold  count,  and 
regarded  their  product  as  legal. 

"The  attached  notice  is  aimed  at 
correcting  the  situation  by  emphasizing 
the  need  for  adequate  sorting  and 
trimming,  and  that  products  made 
from  unfit  material  cannot  be  rendered 
legal  by  blending  with  other  material. 

"It  should  not  be  concluded  from 
the  foregoing  that  mold  count  is  no 
longer  of  importance.  High  mold 
count  is  evidence  of  decomposition, 
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but  mold  count  should  not  be  used 
as  a  substitute  for  inspection,  sorting 
and  trimming.  Packers  who  are  care¬ 
ful  of  the  quality  of  raw  materials  used 
and  emphasize  adequate  sorting  and 
trimming  in  addition  to  the  mold 
count  will  not  be  affected  by  this 
notice.”  (17) 

Statements  of  General  Policy  or 
Interpretation:  Comminuted 
Tomato  Products  Containing 
Rotten  Tomato  Material 

"Pursuant  to  section  3  of  the  Ad¬ 
ministrative  Procedure  Act  (60  Stat. 
237,  238;  5  U.S.C.  1002),  the  follow¬ 
ing  statement  of  policy  is  issued: 

"S  3.24  notice  to  packers  of  com¬ 
minuted  tomato  products.  It  has  long 
been  known  that  tomato  rot  may  be 
caused  by  one  or  more  of  the  follow¬ 
ing:  fungus  diseases,  bacterial  diseases, 
virus  diseases,  and  certain  nonparasitic 
diseases.  Only  the  fungus  rots  are 
characterized  by  the  presence  of  mold 
filaments.  Mold  counts  on  com¬ 
minuted  tomato  products  are  not  in¬ 
creased  by  incorporating  within  the 
product  tomato  rot  caused  by  bacteria, 
virus,  or  nonparasitic  factors.  Al¬ 
though  high  mold  counts  on  these 
products  reveal  that  large  amounts  of 
rotten  material  are  present,  low  mold 
counts  do  not  necessarily  demonstrate 
absence  of  the  type  of  rot  caused  by 
the  tomato  diseases  that  are  not 
characterized  by  mold  filament. 

Inspections  of  canneries  engaged 
»n  the  packing  of  comminuted  tomato 
products  show  that  most  packers  ef¬ 
fectively  trim,  sort  out,  and  discard 
rotten  tomatoes  from  the  raw  stock. 


Some  packers,  how-ever,  do  not  proper¬ 
ly  eliminate  rotten  tomato  material, 
and  a  few  packers  deliberately  use 
rotten  tomatoes  in  these  foods,  pro¬ 
vided  the  mold  count  remains  low. 
Some  packers,  on  occasion,  have 
mixed  tomato  products  having  a  high 
mold  count  with  tomato  products  con¬ 
taining  little  or  no  mold,  so  as  to 
produce  a  blend  with  a  low  mold 
count. 

"Packers  of  comminuted  tomato 
products  who  rely  upon  the  mold  count 
as  the  sole  or  primary  control  proce¬ 
dure,  to  the  neglect  of  adequate  sort- 
ting  and  trimming,  may  produce 
products  with  low  mold  counts  which 
contain  substantial  amounts  of  rot. 

"It  is  the  purpose  of  this  announce¬ 
ment  to  advise  all  canners  of  tomato 
products  that: 

"(a)  Although  high  mold  count 
is  conclusive  evidence  of  inclusion 
of  substantial  amounts  of  rot,  mold 
count  is  not  the  only  way  of  estab¬ 
lishing  that  comminuted  tomato 
products  contain  decomposed  tomato 
material. 

"(b)  Where  factory  observations 
or  other  evidence  reveals  that  com¬ 
minuted  tomato  products  contain 
rot  not  caused  by  mold,  such  rot, 
as  well  as  that  caused  by  mold,  will 
be  taken  into  account  in  applying 
the  provisions  of  the  Federal  Food 
Drug,  and  Cosmetic  Act  against 
adulteration. 

"(c)  The  blending  of  tomato 
products  adulterated  with  tomato 
rot,  of  whatever  kind,  with  tomato 
products  made  from  sound  toma- 
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toes,  or  with  other  sound  food, 
renders  the  blend  adulterated. 

(Sec  701,  52  Stat.  1055;  21 
U.S.C.  371) 

Dated:  July  16,  1951 

John  L.  Thurston 
Acting  Administrator 

(F.R.  Doc.  51-8343;  Filed,  July  19, 

1951;  8:55  A.M.)”  (18) 

The  foregoing  statement  of  policy  clear¬ 
ly  indicates  the  attitude  of  the  Food  and 
Drug  Administration  relative  to  eval¬ 
uating  the  purity  of  comminuted  toma¬ 
to  products.  They  still  regard  high 
mold  counts  as  indicative  of  decompo¬ 
sition.  On  the  other  hand,  low  mold 
counts  do  not  necessarily  indicate 
sound  stock  and  are  not  conclusive  evi¬ 
dence  that  proper  care  has  been  used 
in  the  removal  of  all  types  of  objec¬ 
tionable  rot.  Rots  which  are  caused 
by  bacteria,  viruses  and  physiological 
causes  are  unaccompanied  by  mold  and 
are  not  detected  by  this  method.  Ac¬ 
cording  to  Eisenberg,  (3)  "the  Ad¬ 
ministration  also  relies  on  factory  in¬ 
spections  as  a  means  of  enforcing  the 


Federal  Food,  Drug  and  Cosmetic  Act. 
Ihe  inspector  takes  scrapings  of  any 
slimy  tomato  accumulations  and  makes 
a  thorough  examination  of  equipment 
to  judge  proper  cleaning.  Fie  exam¬ 
ines  the  sorted  and  trimmed  stock  to 
judge  the  effectiveness  of  this  operation 
in  eliminating  rotten  tomatoes.  Labora¬ 
tory  and  inspectional  techinques  are 
used  by  the  Administration  to  supple¬ 
ment  each  other  and  give  a  complete 
picture  of  a  factory’s  operations,  thus 
making  it  possible  to  judge  each  case 
on  its  merits.”  The  Administration  also 
considers  it  illegal  for  comminuted  to¬ 
mato  products  containing  decomposed 
material  to  be  used  as  ingredients  of 
manufactured  foods  such  as  tomato 
soup,  spaghetti  sauce,  etc.,  since  this 
would  constitute  adulteration  of  the 
fabricated  food  and  render  the  latter 
subject  to  action. 

The  Floward  Mold  Count  will  con¬ 
tinue  to  be  used  as  one  of  the  official 
methods  for  the  examination  of  com¬ 
minuted  tomato  products  to  detect  the 
presence  of  decomposed  tomato  mate¬ 
rial.  It  is  therefore,  essential  that 
packers  of  tomato  products  have  a 
thorough  understanding  of  the  method 
and  its  application. 


XI.  MOLD  COUNT  TOLERANCES 


Notices  of  Judgment  under  the  Federal 
Food  and  Drug  Act,  June  30,  1906, 
show  that  regulatory  actions  were  insti¬ 
tuted  using  the  principles  of  the  How¬ 
ard  Mold  Count  Method  as  early  as 
1913.  Each  year  since  that  time  a  sub¬ 
stantial  number  of  the  Notices  of  Judg¬ 
ment  have  been  based  on  this  test. 


Federal  Food  and  Drug  Administra¬ 
tion  tolerances  based  on  the  Howard 
Method  have  been  established  for  to¬ 
mato  products.  Federal  tolerances  ap¬ 
ply  to  interstate  shipment  and  state 
tolerances  apply  to  products  packed 
and  sold  within  the  state.  Most  states 
have  standards  that  conform  to  the 
federal  tolerances. 
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The  first  Government  mold  count 
tolerance  was  established  in  1916.  This 
tolerance  together  with  the  changes 
which  have  been  made  subsequently 
are  shown  below: 


FEDERAL  MOLD  COUNT  TOLERANCES 
FOR  TOMATO  PRODUCTS 


Percent  Positive  Fields 


Date 

Tomato 

Juice 

Other 

Comminuted 
Tomato 
Products 
Catsup, 
Puree,  Paste 

September  5,  1916 

— 

66 

May  14,  1931 

— 

50 

July  1,  1936 

35 

50 

July  27,  1938 

25 

50 

June  17,  1940 

15 

40 

May  13,  1941 

20 

40 

On  May  13,  1941  the  Food  and  Drug 
Administration  announced  that  the  tol¬ 
erance  on  tomato  juice  would  be  set  up 
at  20  per  cent  instead  of  15  per  cent. 
In  making  this  change,  Mr.  W.  G. 
Campbell,  then  Commissioner  of  Food 
and  Drugs,  released  the  following 
statement: 

On  June  17,  1940,  the  Admin¬ 
istration  announced  reductions  in  pre¬ 
viously  established  mold  count  toler¬ 


ances  for  tomato  juice,  catsup,  puree 
and  paste.  Subsequently,  industry  ap¬ 
peals  from  these  reductions  were  re¬ 
ceived  with  representations  that  in  spite 
of  the  utmost  care  in  properly  conduct¬ 
ed  plants,  occasional  adverse  conditions 
are  reflected  in  mold  counts  somewhat 
exceeding  the  new  tolerance. 

"The  Administration  thereupon  un¬ 
dertook  an  exhaustive  appraisal  of  the 
situation.  The  facts  developed  justify 
the  conclusion  that  in  the  case  of  toma¬ 
to  catsup,  puree  and  paste  it  is  not  un¬ 
reasonable  to  expect  canners  to  meet 
the  mold  tolerance  of  40  per  cent  of 
the  microscopic  fields  announced  in 
1940  and  actions  will  continue  against 
shipments  when  this  figure  is  exceeded. 

"In  case  of  tomato  juice,  the  investi¬ 
gation  indicated  that  under  abnormal 
conditions  beyond  the  control  of  the 
packer,  mold  counts  may  exceed  slight¬ 
ly  the  tolerance  of  15  per  cent  of  the 
fields  announced  for  tomato  juice.  In 
recognition  of  this  possibility,  the  Ad¬ 
ministration  will  not  institute  actions 
against  tomato  juice  on  the  ground  of 
excessive  mold  count  unless  mold  fila¬ 
ments  are  present  in  more  than  20 
per  cent  of  the  microscopic  fields.  Ade¬ 
quate  allowances  will  be  made  in  ap¬ 
plying  the  tomato  juice  tolerance  to 
those  articles  which  have  been  subject¬ 
ed  to  a  homogenization  process.  Since 
the  Administration  is  convinced  that 
with  more  experience  the  industry  can 
universally  meet  more  restricted  toler¬ 
ances,  the  present  announcement  is  sub¬ 
ject  to  the  qualification  that  it  is  set 
pending  consideration  of  further  reduc¬ 
tions. 

Comminuted  tomated  products  ex¬ 
ceeding  these  mold  count  tolerances 
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cannot  be  used  as  ingredients  of  manu¬ 
factured  foods  such  as  tomato  soup, 
spaghetti  sauce,  etc.,  since  this  would 
constitute  adulteration  of  the  fabri¬ 
cated  food  and  render  the  latter  sub¬ 
ject  to  action.” 

No  government  mold  count  tolerance 
has  been  established  for  canned  toma¬ 
toes.  However,  when  juice  or  puree 
are  used  as  packing  media,  the  respec¬ 
tive  mold  count  tolerances  for  these 
products  apply,  and  it  is  the  packer’s 
responsibility  to  control  and  check  his 
packing  medium  prior  to  its  mixture 
with  the  whole  tomato  stock. 

During  the  1953  canning  season,  the 
National  Canners  Association,  (19)  in¬ 
vestigated  the  problem  of  mold  count 
on  the  drained  juice  of  canned  toma¬ 
toes.  The  results  of  these  tests  show 
that  when  tomato  juice  is  added  to 
canned  tomatoes,  the  liquid  drained 
from  the  canned  tomatoes  has  a  mold 
count  less  than  that  of  the  juice  that 
was  added.  The  extent  of  the  reduc¬ 
tion  in  mold  count  varies  according 
to  a  number  of  conditions.  When  the 
amount  of  liquid  drained  from  the 
canned  tomatoes  is  much  greater  than 
the  amount  of  juice  that  was  added  in 
packing,  the  reduction  in  the  mold 
count  is  quite  large.  However,  when 
tomato  juice  is  added  as  a  packing 
medium  for  fancy  whole  tomatoes  and 
the  amount  of  liquid  drained  from  the 
canned  tomatoes  is  only  slightly  great¬ 
er  than  the  amount  of  juice  added,  the 
mold  count  of  the  drained  liquid  is 
only  slightly  less  than  that  of  the  juice 
used.  In  general,  the  reduction  in  the 
mold  count  is  greater  than  can  be  ac¬ 
counted  for  by  dilution  only.  In  drain¬ 
ing  the  liquid  from  canned  tomatoes 


by  the  usual  drained  weight  procedure, 
a  considerable  part  of  the  fine  solids 
in  the  liquid  portion  stays  on  the 
screen  with  the  tomatoes.  A  corre¬ 
sponding  proportion  of  the  mold  pres¬ 
ent  seems  to  remain  on  the  screen  with 
the  fine  solids  so  that  the  liquid 
drained  off  has  less  mold  than  would 
otherwise  be  found.  The  studies  show 
that  the  mold  counts  vary  greatly  with 
individual  cans  in  the  same  lot,  but 
the  mold  count  pattern  of  the  packing 
medium  can  be  determined  from  the 
analysis  of  a  sufficient  number  of  cans 
for  mold  count  and  the  consistency  of 
the  drained  tomatoes.  The  complex¬ 
ity  of  this  problem  does  not  lend  itself 
to  the  simplicity  of  a  single  figure  as  a 
dilution  factor  for  all  types  of  canned 
tomatoes. 


Canadian  Tolerances 

The  Meat  and  Canned  Foods  Act, 
R.S.,  c  77,  S.  1.  and  Processed  Fruit 
and  Vegetable  Regulations  bulletin 
published  by  the  Minister  of  Agricul¬ 
ture,  Ottawa,  Canada,  1954,  establishes 
the  following  mold  count  tolerances 
for  tomato  products: 

"(a)(i)  Tomato  Juice,  Tomato 
Juice  Cocktail,  when  examined  ac¬ 
cording  to  the  "Howard”  Method, 
mould  filaments  shall  not  appear  in 
more  than  25  per  cent  of  the  micro¬ 
scopic  fields ;  .  .  .” 

"(ii)  Tomato  catsup,  paste, 
puree,  pulp,  soup,  tomato  sauces, 
when  examined  according  to  the 
"Howard”  Method,  mould  filaments 
shall  not  appear  in  more  than 
50  per  cent  of  the  microscopic 
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XJ).  RESPONSIBILITY  OF  PLANT  MANAGEMENT  AND  THE  ANALYST 


Every  canner  wants  to  pack  a  clean 
wholesome  product.  However,  the 
mold  count  at  times  may  indicate  the 
presence  of  excessive  decomposed  to¬ 
mato  material  in  the  finished  product. 
When  a  high  mold  count  is  reported 
by  the  analyst,  the  organizational  set-up 
in  the  plant  should  be  such  that  this 
information  can  be  channeled  to  the 
proper  person  or  persons  for  immedi¬ 
ate  action.  In  order  to  use  the  infor¬ 
mation  supplied  by  the  analyst  to  best 
advantage,  it  is  necessary  that  plant 
management  —  the  Superintendent  or 
Supervisor  of  Quality  Control  —  be  fa¬ 
miliar  with  the  factors  that  cause  high 
mold  counts  and  with  corrective  meas¬ 
ures  necessary  to  insure  the  packing  of 
a  clean  wholesome  product.  Once  the 
analyst  has  reported  his  findings  to  the 
officially  designated  supervisory  person¬ 
nel,  his  responsibility  should  end. 
Plant  management  should  then  be  able 
to  locate  and  correct  the  source  of 
trouble  immediately.  This  may  require 
special  training  of  the  superintendent, 
foreman,  forelady  or  other  supervisory 
personnel  so  they  will  know  the  cor¬ 
rective  measures  to  take  to  reduce  the 
mold  count.  Occasionally,  it  may  be 
necessary  to  have  the  analyst  assist  by 
taking  a  set  of  "line  samples”  from  each 
significant  unit  operation:  e.g.  chopper, 
extractor,  cook  tank,  finisher,  supply 
tank,  filler  bowl  and  can  of  juice  im¬ 
mediately  after  closing,  in  order  to  lo¬ 
cate  sources  of  trouble  resulting  from 
contaminated  equipment. 

In  order  to  maintain  the  most  effi¬ 
cient  canning  operations  in  the  manu¬ 
facture  of  tomato  products  of  high 
quality,  it  is  essential  that  close  co¬ 


operation  between  plant  management 
and  the  analyst  be  maintained.  This 
requires  their  mutual  respect  and  good 
will.  The  analyst  must  be  adequately 
trained  and  competent  in  using  the 
Official  Howard  Mold  Count  method. 
Plant  management  must  be  able  to  in¬ 
terpret  intelligently  the  results  supplied 
by  the  analyst,  know  what  corrective 
measures  are  necessary  to  insure  a  clean 
wholesome  product  and  put  these  meas¬ 
ures  into  effect  immediately. 

It  is  also  the  responsibility  of  man¬ 
agement  to  supply  the  analyst  with  a 
good  microscope  and  other  necessary 
equipment,  and  to  provide  a  suitable 
place  for  him  to  work.  The  table  and 
the  chair  or  stool  should  be  of  such 
heights  that  observations  can  be  made 
by  the  analyst  without  straining  of  the 
neck  or  back.  Before  the  start  of  the 
tomato  canning  season,  the  microscope 
should  be  inspected  and  cleaned  to  in¬ 
sure  serviceability.  Make  sure  an  extra 
Howard  mold  slide,  coverglasses  and 
spare  light  bulbs  for  the  microscope 
are  available.  A  packer  cannot  afford 
to  be  interrupted  during  the  pack  be¬ 
cause  of  failure  to  provide  necessary 
equipment  for  efficient  performance. 
An  article  by  Troy  (20)  "Responsi¬ 
bility  for  Control  of  Mold  Count  of 
Tomato  Products”  gives  additional  sug¬ 
gestions  on  this  subject. 

Coding  of  Cans 

One  of  the  most  important  respon¬ 
sibilities  of  plant  management  is  to 
make  sure  every  can  of  finished  product 
is  coded  and  properly  identified.  The 
importance  ot  coding  cannot  be  over¬ 
emphasized.  This  may  be  done  by  us- 
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in g  an  embossed  code  on  the  cans. 
Each  can  of  tomato  product  should  be 
coded  to  identify  it  by  batch  or  by 
other  subdivision  of  the  pack.  Where 
possible,  the  code  should  be  changed 
for  each  batch ;  where  continuous  op¬ 
eration  is  used,  it  should  be  changed 
at  least  once  a  day,  and  preferably  after 
short  operating  intervals  during  each 
day.  Some  packers  change  the  code 
every  two  hours;  others  after  extended 
shutdown  periods;  noon,  evening,  etc. 


Such  identification  enables  a  canner  to 
separate  and  segregate  specific  small 
lots  of  a  given  product  in  case  of 
seizure  or  controversy,  and  may  thereby 
serve  to  reduce  any  loss  to  a  small 
fraction  of  the  entire  pack.  Use  of  no 
code  or  only  a  single  code  throughout 
an  entire  season  is  dangerous  and  may 
result  in  the  loss  of  the  entire  pack  if 
high  mold  counts  have  been  encount¬ 
ered,  as  there  is  no  way  provided  for 
making  a  satisfactory  segregation. 


XIII.  APPENDIX  HOWARD  MOLD  COUNT  EQUIPMENT 


A.  Optical  Apparatus 

1 — Monocular  microscope  with 
draw  tube,  without  oculars,  ob¬ 
jectives,  or  other  accessories.  If 
a  binocular  microscope  is  desired, 
it  should  be  purchased  with  the 
specification  that  it  be  calibrated 
to  give  a  microscopic  field  of 
vision  of  1.382  mm.  in  diameter 
(area  1.5  sq.  mm.) 

1 — Abbe  condenser  with  one  iris 
diaphragm. 

1 — 16  mm.  achromatic  objective. 

1 — 8  mm.  achromatic  objective. 

1  —  ioX  huygenian  ocular  with 
drop-in  micrometer  disc  cross 


ruled  in  sixths  of  the  ocular 
diaphragm  opening. 

1 — Mechanical  stage. 

1 — Substage  lamp  with  daylight 
glass. 

B.  Other  Equipment 

1 — Howard  mold  counting  cell  with 
calibration  circle,  or  lines,  for 
obtaining  exact  field  size  and 
two  cover  glasses. 

1 — Scalpel. 

I — Dissecting  needle. 

1 — Beaker  (250  to  600  cc.). 

1 — Clean  towel  or  lint  free  cloth 
suitable  for  drying  mold  count¬ 
ing  cell  and  cover  glasses. 


THE  MICROSCOPE 


A  Simple  Microscope  is  an  ordinary 
magnifying  glass.  The  compound  mi¬ 
croscope  differs  from  the  simple  micro¬ 
scope  in  that  it  has  two  separate  lens 
systems.  The  one  nearest  the  specimen, 
called  the  objective,  magnifies  the  spec¬ 
imen  a  definite  amount.  The  second 


lens  system,  the  eyepiece,  further  mag¬ 
nifies  the  image  formed  by  the  objec¬ 
tive  so  that  the  image  seen  by  the  eye 
has  a  magnification  equal  to  the  prod¬ 
uct  of  the  magnifications  of  the  two 
systems. 

The  image  formed  by  a  compound 
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microscope  is  inverted;  the  object  is 
seen  upside  down  and  reversed  so  that 
the  right  side  is  at  the  left.  Movement 
is  reversed  also,  but  one  soon  learns 
which  way  to  move  the  slide. 

Construction  of  the  Microscope 

The  names  of  the  various  parts  of 
the  microscope  are  shown  in  Figures 
37  and  38.  The  basic  type  of  com¬ 
pound  microscope,  consists  of  the  eye¬ 
piece,  objective,  and  a  tube  which 
holds  them  at  the  proper  separation. 
The  instrument  is  focused  by  a  rack 
and  pinion.  For  convenience  of  ma¬ 
nipulation,  the  microscope  is  mounted 
on  a  stand  with  a  stage  to  support  the 
specimen. 

The  function  of  the  principal  parts 
of  the  microscope  are  described  below: 

A.  The  Ocular 

The  function  of  the  ocular  or  eye- 
iece  is  to  magnify  the  image  formed 
y  the  objective  and  to  position  the  mi¬ 
crometer  disc.  The  ocular  and  mi¬ 
crometer  disc  should  be  scrupulously 
clean  and  free  from  dust,  lint  or  smear. 
By  rotating,  one  can  determine  if  vis¬ 
ible  particles  are  in  the  ocular  or  on 
the  slide. 

B.  Adjustments 

All  good  microscopes  are  equipped 
with  two  adjustments;  coarse  (quick 
acting)  and  fine  (slow  acting).  The 
large  knobs  are  used  as  a  quick  adjust¬ 
ment  to  focus  the  tube  proper  with 
respect  to  the  stage  that  holds  the  mold 
count  slide.  The  fine  adjustment  or 
small  knobs  must  be  used  constantly 


in  order  to  focus  at  various  depths  of 
the  sample.  For  instance,  it  is  possible 
for  only  half  of  a  mold  filament  to  be 
in  focus  in  one  position.  By  raising 
or  lowering  the  tube  with  the  fine  ad¬ 
justment  the  true  dimension  of  the  en¬ 
tire  filament  can  then  be  observed.  It 
should  be  remembered,  in  examining 
tomato  products  for  mold  count,  the 
depth  of  sample  as  established  by  the 
special  Howard  Mold  Count  slide  is 
0.1  mm.  deep.  The  optics  of  the  mi¬ 
croscope  will  not  image  the  full  depth 
in  any  one  position;  therefore,  constant 
use  of  the  fine  adjustment  is  mandatory 
for  accurate  results. 


C.  Objectives 

Microscopes  are  supplied  with  one 
or  more  objectives  mounted  on  a  nose- 
piece  or  turret.  In  mold  counting,  the 
10X-16  mm.  objective  is  used.  This 
objective  is  calibrated  with  the  10X 
ocular  to  produce  the  desired  micro¬ 
scopic  field  diameter  of  1.382  mm. 
(1.5  sq.  mm.  area)  as  specified  in  the 
Official  Howard  Mold  Count  Method. 
In  those  instances  where  identifying 
characteristics  of  mold  filaments  are 
not  clearly  discernible,  the  official 
method  suggests  the  use  of  200X  mag¬ 
nification  (8  mm.  objective)  to  con¬ 
firm  the  identity  of  the  mold  filaments. 

The  function  of  the  objective  is  to 
form  an  image  which  is  intercepted  and 
magnified  by  the  ocular.  Keep  the 
lower  surface  of  the  objective  abso¬ 
lutely  clean.  A  slight  film  can  mate¬ 
rially  impair  the  function  of  this,  the 
most  important  element  of  the  optical 
system.  Xylol  may  be  used  sparingly 
to  remove  foreign  matter  and  should 
be  \\  iped  clean  with  lens  paper. 
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FIGURE  37 
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Binocular  Microscope 
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D.  Mechanical  Stage 

This  required  accessory  enables  sys¬ 
tematic  observation  of  the  specimen.  It 
is  impossible  to  manually  shift  position 
of  the  mold  count  slide  and  attain  any 
degree  of  accuracy.  The  mechanical 
stage  provides  to  and  fro  and  lateral 
movements.  Good  care  is  essential. 
Clean  once  or  twice  yearly  by  remov¬ 
ing  all  lubricant  from  slideways  with 
xylol.  Wipe  dry  and  relubricate  spar¬ 
ingly  with  vaseline. 

E.  Condenser 

The  condenser  located  directly  be¬ 
neath  the  stage  is  of  extreme  impor¬ 
tance.  The  correct  use  of  the  condenser 
in  controlling  the  light  will  increase 
or  decrease  the  visibility  of  microscopic 
particles.  If  the  condenser  is  opened 
too  far,  fine  details  cannot  be  seen ; 
fine  molds  may  be  concealed  as  the 
result  of  too  much  light.  If  the  con¬ 
denser  is  closed  too  far,  defraction 
patterns  reduce  visibility.  To  obtain 
maximum  clarity  of  image,  gradual 
opening  and  closing  of  the  iris  dia¬ 
phragm  (the  small  lever  usually  lo¬ 
cated  on  the  right  side)  will  reveal 
the  desired  position  for  optimum  per¬ 
formance.  The  function  of  this  is  simi¬ 
lar  to  the  diaphragm  setting  on  a  good 
camera  lens.  Raising  or  lowering  of 
the  condenser  by  means  of  the  attached 
rack  and  pinion  will  also  facilitate 
proper  illumination. 

Most  microscopes  are  equipped  with 
condensers  that  are  divisible,  kor  low 
power  observations  such  as  100X  mag¬ 
nification,  used  for  mold  counting,  the 
top  element  of  the  condenser  can  be 
removed  to  achieve  more  uniform 
illumination. 


F.  Mirror 

The  mirror  has  two  surfaces  —  one 
concave  and  the  other  flat.  If  the  top 
element  of  the  condenser  is  removed, 
the  flat  side  of  the  mirror  is  preferred; 
conversely,  if  the  condenser  is  not  di¬ 
vided,  the  concave  side  of  the  mirror 
will  produce  the  best  illumination.  In 
examining  questionable  material,  a 
slight  adjustment  of  the  mirror  on  any 
axis  produces  slightly  oblique  light 
which  results  in  better  image  contrast. 

G.  Light 

Proper  illumination  of  the  field  is 
important  if  the  most  perfect  defini¬ 
tion  of  fine  details  of  microscopic  ob¬ 
jects  is  to  be  attained.  In  the  exami¬ 
nation  of  tomato  products  for  the 
presence  of  mold  filaments,  too  much 
light  will  conceal  fine  molds  and  too 
little  light  will  not  reveal  the  mold 
distinctly.  The  light  should  be  ad¬ 
justed  properly  for  each  particular 
sample. 

Monocular  microscopes  require  less 
light  than  binocular  types.  Substage 
microscope  lamps  (10  to  15  watt 
bulbs)  for  both  the  separate  illumina¬ 
tor  and  the  illuminator  attached  to  the 
condenser  are  adequate  for  most  micro¬ 
scopes.  For  optimum  performance, 
binocular  microscopes  require  a  100 
watt  bulb  in  a  lamp  with  a  condenser 
and  a  corning  filter. 

Care  of  the  Microscope 

The  microscope  should  be  lifted  by 
its  arm  and,  when  not  in  use,  should 
be  placed  in  a  case  or  properly  covered 
to  protect  it  from  dust.  The  lenses 
must  be  kept  meticulously  clean.  Dust 
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should  be  loosened  and  brushed  with 
a  camel  s  hair  brush  and  the  lens 
cleaned  with  lens  paper.  Optical  glass 
is  generally  softer  than  window  glass 
and  is  easily  scratched  by  ordinary 
cloth.  Special  lens  paper  is  available 
and  it  is  poor  economy  not  to  use  it. 

If  the  instrument  does  not  seem  to 
perform  properly  and  there  is  no  dirt 
on  the  eyepiece  or  objective,  it  may 
mean  that  some  of  the  prisms  have 
shifted.  Do  not  attempt  to  adjust  any 
of  the  prism  systems  but  rather  send 
the  instrument  to  the  factory,  where 
tools  and  tests  are  available  for  adjust¬ 
ment  and  for  making  certain  that  the 
adjustment  has  been  done  properly. 

The  microscope  is  a  delicate  and 
expensive  instrument  and  the  efficiency 
derived  from  its  use  is  in  direct  pro¬ 
portion  to  the  care  given.  With  proper 
care,  a  microscope  will  remain  in  good 
condition  indefinitely  regardless  of  the 
amount  of  use. 
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MODIFIED  SLIDE  PREPARATION  FOR  THE  OFFICIAL 
HOWARD  MOLD  COUNT  METHOD* 


By  A.  A.  Kopetz  (American  Can  Co.,  Maywood,  Ill.),  V.  S.  Troy 
(Continental  Can  Co.,  Chicago,  Ill.),  and  M.  R.  McCallum 
(National  Canners  Association,  Washington,  D.  C.) 

Experience  in  performing  the  official  Howard  mold  count  method, 
35.58  (Official  Methods  of  Analysis,  8th  Ed.,  1955,  pp.  781-782),  and  in 
instructing  analysts  in  its  use  has  shown  that  preparing  the  slide  mount 
still  presents  some  difficulties,  such  as  uneven  distribution  of  the  insoluble 
solids  and  entrapment  of  air  bubbles  between  the  central  disk  and  cover 
glass.  To  overcome  these  difficulties,  the  slide  preparation  has  been  modi¬ 
fied  by  substituting  careful  manipulation  of  the  cover  glass  for  the  official 
pre-spreading  technique. 

The  modification  has  these  advantages:  (1)  distribution  of  the  insoluble 
material  is  consistently  uniform;  (2)  air  entrapment  is  virtually  elimi¬ 
nated;  (3)  the  mount  can  be  prepared  faster  and  more  easily;  and  (4) 
scratching  of  the  glass  of  the  central  disk  is  reduced.  Those  who  have  used 
this  modified  technique  agree  that  it  produces  no  significant  difference  in 
the  random  distribution  of  mold  filaments,  other  than  the  normal  varia¬ 
tion  inherent  in  sampling  a  product  that  is  a  mixture.  Table  1  and  Figure 
I  show  a  limited  comparison  of  recent  data  to  support  this  opinion. 

Because  the  Howard  mold  count  method  is  empirical,  it  must  be  used 
exactly  as  stated  to  obtain  accurate  results.  Although  the  method  has  been 
revised  several  times  since  its  development  in  1910,  its  fundamental  prin¬ 
ciple  has  remained  unchanged. 

The  present  form  of  the  official  method  contains  several  improvements 
not  in  the  original  method  (1).  These  revisions  (2-6)  have  helped  to  stand¬ 
ardize  the  technique  of  mold  counting  and  have  made  it  more  uniform, 
vve  feel  that  the  proposed  modification  serves  this  same  purpose. 

This  modification  of  the  preparation  of  the  mold  count  slide  was  first 
used  in  1945  by  Mrs.  Gertrude  Kissell,  of  the  National  Canners  Associa¬ 
tion  Research  Laboratory.  Analysts  who  have  performed  it  since  that 
time  have  used  two  techniques,  both  of  which  eliminate  spreading  the 
sample  portion  over  the  surface  of  the  central  disk  with  the  knife  blade  or 

m  th*offic*al  method’  However,  both  techniques  retain  and 
utihze  the  spreading,  distributing  action  that  results  from  lowering  the 
cover  glass  into  place.  The  two  techniques  are  as  follows: 

A.  INCLINED  COVER  GLASS  TECHNIQUE 

to 
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Table  1. — Comparison  of  results  of  Howard  mold  counts  by  official  and 
modified  methods  for  preparing  slides 


TOTAL 

OFFICIAL  METHOD® 

MODIFIED  METHOD1* 

BAMTLB 

NUMB  BE 

FIBLD0 
COUNT Id/ 

POSITIVE  FIELDS/ SLIDE 

%  MOLD 

POSITIVE  FIELDS/ SLIDE 

%  MOLD 

METHOD 

NO.  1  NO.  2  NO.  3  NO.  4 

COUNT 

NO.  1  NO.  2  NO.  3  NO.  4 

COUNT 

Tomato  Juice 


1 

50 

2 

0 

4 

1 

4 

10 

2 

50 

0 

2 

4 

2 

1 

6 

3 

50 

1 

3 

8 

1 

2 

6 

4 

50 

1 

4 

10 

2 

2 

8 

6 

50 

6 

3 

18 

6 

4 

20 

6 

50 

5 

7 

24 

1 

7 

16 

7 

50 

3 

2 

10 

5 

2 

14 

8 

50 

2 

1 

6 

3 

2 

10 

9 

50 

1 

1 

4 

1 

0 

2 

10 

50 

0 

1 

2 

2 

2 

8 

11 

50 

4 

2 

12 

4 

3 

14 

12 

50 

5 

3 

16 

0 

2 

4 

13 

50 

13 

6 

38 

14 

14 

56 

14 

50 

4 

3 

14 

6 

7 

26 

15 

50 

6 

3 

18 

3 

2 

10 

16 

50 

3 

8 

22 

2 

4 

12 

17 

50 

2 

3 

10 

2 

2 

8 

18 

50 

5 

6 

22 

2 

3 

10 

19 

50 

6 

5 

22 

5 

4 

18 

20 

50 

3 

6 

18 

3 

6 

18 

21 

50 

4 

6 

20 

1 

7 

16 

22 

50 

0 

1 

2 

3 

0 

6 

23 

50 

4 

1 

10 

3 

4 

14 

24 

50 

1 

1 

4 

1 

0 

2 

25 

50 

3 

0 

6 

2 

1 

6 

26 

100 

10 

9 

8 

11 

38 

8 

10 

11 

9 

38 

27 

100 

3 

3 

2 

3 

11 

5 

1 

2 

2 

10 

28 

100 

4 

1 

1 

3 

9 

2 

2 

2 

4 

10 

29 

100 

1 

4 

2 

2 

9 

3 

4 

4 

2 

13 

30 

100 

0 

1 

1 

0 

2 

0 

1 

0 

0 

1 

31 

100 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

32 

100 

1 

0 

3 

2 

6 

3 

0 

3 

1 

7 

Catsup 

33 

50 

8 

8 

32 

7 

8 

30 

34 

50 

14 

14 

56 

15 

15 

60 

35 

100 

11 

7 

9 

8 

35 

8 

8 

9 

9 

34 

36 

100 

11 

8 

9 

11 

39 

12 

9 

10 

11 

42 

37 

100 

12 

10 

9 

13 

44 

12 

13 

10 

12 

47 

88 

100 

11 

9 

10 

12 

42 

13 

9 

13 

11 

46 
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Fio.  1. — Relationship  of  mold  count  by  official  and  modified  methods. 


edge.  (A  dissecting  needle  may  be  used  to  remove  the  sample  portion  from  the  spatu¬ 
la  to  the  central  disk.)  Rest  one  edge  of  the  cover  glass  in  a  slanting  position  on  the 
edges  of  the  slide  shoulders  nearest  the  portion  of  test  material.  Lower  the  cover  glass 
slightly  until  it  almost  touches  the  test  material  on  the  disk;  then  lower  it  into  place 
rapidly,  but  gently,  so  that  the  material  spreads  evenly  over  the  entire  surface  of 
the  disk. 

B.  PARALLEL  COVER  GLASS  TECHNIQUE 

Using  the  transfer  method  described  in  technique  A,  place  the  sample  portion  on 
the  approximate  center  of  the  central  disk.  Hold  the  cover  glass  parallel  to  the  sur¬ 
face  of  the  central  disk  and  lower  it  slowly  until  it  just  touches  the  sample  portion. 
While  maintaining  contact  with  the  test  sample,  alternately  lower  and  raise  the 
cover  glass  very  slightly  two  or  three  times;  then  without  stopping,  lower  it  rapidly 
but  gently  until  it  just  touches  the  shoulders  of  the  slide,  so  that  the  test  portion 
spreads  evenly  over  the  entire  surface  of  the  disk. 

DISCUSSION 

In  both  techniques,  as  in  the  official  method,  the  cover  glass  should 
not  be  lowered  too  rapidly  or  part  of  the  sample  may  splash  over  onto  one 
or  both  shoulders,  thus  ruining  the  mount.  Neither  should  it  be  lowered 
too  slowly,  or  the  insoluble  material  will  not  spread  uniformly. 

With  a  little  practice,  this  step  can  soon  be  controlled  so  that  slides 
showing  evenly  distributed  insoluble  material  can  be  consistently  pre¬ 
pared.  Although  even  trained  counters  have  difficulty  in  preparing  slides 
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hy  the  offic  ial  (pre-spreading)  method,  experience  shows  that  the  modified 

techniques  are  learned  quickly  and  less  difficulty  is  encountered  there¬ 
after  m  slide  preparation. 


As  discussed  in  the  official  method,  any  mount  showing  uneven  distribu- 
.on  of  insoluble  material,  absence  of  Newton’s  rings,  or  liquid  that  has 
f>een  drawn  or  splashed  across  the  moat  onto  the  shoulders  shotild  be  dis¬ 
carded.  No  slide  should  be  counted  unless  it  is  properly  prepared. 

The  authors  have  had  considerable  difficulty  with  the  modified  method, 
as  well  as  with  the  official  method,  when  33X28  mm  cover  glasses1  are 
used  on  the  Howard  slides  constructed  with  a  round  central  disk.  There¬ 
fore,  square  cover  glasses  (33X33  mm)  are  recommended  for  use  in  the 
modified  method. 


If  the  Association  approves,  the  authors  recommend  that  this  modifica¬ 
tion  be  incorporated  in  the  official  Howard  mold  count  method,  35.58, 
as  an  alternate  technique.  Only  the  second  paragraph  of  the  present 
method  need  be  changed.  The  suggested  change  in  wording  is  as  follows: 


Clean  the  Howard  cell,  35. 1  (j) ( 1 ),  so  that  Newton’s  rings  are  produced  between 
elide  and  cover  glass.  With  spatulate  instrument  place  portion  of  well-mixed  sample 
upon  central  disk;  prepare  mount,  using  only  sufficient  sample  to  bring  material  to 
edge  of  disk,  so  that  insoluble  solids  are  uniformly  distributed  in  sample  on  disk. 
Mount  sample  by:  (a)  using  spatulate  instrument  to  spread  sample  evenly  over 
disk  and  covering  with  glass  so  as  to  give  uniform  distribution  or  (6)  lowering  cover 
glass  rapidly  but  gently  over  sample  on  disk  to  give  uniform  distribution.  (It  is  of 
utmost  importance  that  portion  be  taken  from  thoroly  mixed  sample  and  distributed 
evenly  over  slide  disk,  otherwise  insoluble  material  and  consequently  molds  may  be 
unevenly  distributed.)  Discard  any  mount  showing  uneven  distribution  or  absence 
of  Newton’s  rings,  or  liquid  that  has  been  drawn  across  moat  and  between  cover 
glass  and  shoulder. 


ACKNOWLEDGMENT 

The  authors  wish  to  thank  W.  V.  Eisenberg,  U.  S.  Food  and  Drug  Ad¬ 
ministration,  for  his  assistance  in  the  formulation  of  the  suggested  change 
in  wording  of  the  official  method. 

REFERENCES 

(1)  Howard,  B.  J.,  Tomato  Ketchup  under  the  Microscope  with  Practical  Suggestions 
to  Insure  a  Cleanly  Product,  U.  S.  Department  of  Agriculture,  Bureau  of  Chem¬ 
istry,  Circular  No.  68  (out  of  print).  February  13,  1911. 

(2)  Association  of  Official  Agricultural  Chemists,  Report  of  the  Committee  on  Editing 
Tentative  and  Official  Methods  of  Analysis,  pp.  324-325.  Williams  and  Wilkins 
Co.,  Baltimore,  Md.,  1916. 

(3)  Howard,  B.  J.,  and  Stephenson,  C.  H.,  Microscopical  Studies  on  Tomato 
Products,  U.  S.  Dept.  Agriculture  Bull.  No.  581  (out  of  print),  October  6,  1917. 

(4)  Howard,  B.  J.,  This  Journal,  6,  50  (1922). 

(5)  Official  Methods  of  Analysis,  4th  Ed.,  Association  of  Official  Agricultural  Chem¬ 
ists,  Washington,  D.  C.,  1936. 

(6)  Ibid.,  8th  Ed.,  1955,  pp.  781-782. _ 

i  Designed  for  use  with  counting  chamber  having  a  rectangular  central  mounting  area. 


Oi  rtcR  BUlLL  mV i 

The  Relationship  of  Spoilage  to  Rough  Handling  ^.id 
Contaminated  Cooling  Water. 

The  Retention  of  Vitamin  C  in  Tomato  Juice. 

Chlorination  in  the  Food  Plant. 

The  effect  of  Radioactive  Phosphorus  upon  a  Suspension  of 
Escherichia  Coli. 

Flat  Sour  Spoilage  of  Tomato  Juice. 

Storage  of  Canned  Foods. 

Methods  of  Producing  Vacuum  in  Cans. 

Retort  Installation,  Equipment  and  Operating  Procedures. 

A  new  Principle  for  Agitating  in  Processing  of  Canned  Foods. 

Water  for  Canning. 

Internal  Browning  and  Related  Ripening  Disorders  of 
Tomatoes. 

Raw  Product  Quality  Control. 

Effect  of  Progress  in  Tin  Plate  Manufacture  on  the  Use  of 
Tin  Plate  for  Cans  for  Foods. 

Effect  of  Sterilization  Temperatures  on  Color  of  Tomato  Juice. 

Engineering  the  Air  Removal  from  Canned  Foods. 

Vacuum  in  Canned  Foods— Its  Significance 
and  Its  Measurement. 

The  Retention  of  Carotene  During  the  Canning  of 
Tomato  Juice. 


The  Canning  of  Acidified  Banana  Puree. 


A  Rapid  Method  for  the  Presumptive  Identification  of 
Bacteria  which  have  been  associated  with  off-flavors 
and  odors  in  Concentrated  Orange  Juice. 

Flavor  Studies  of  Canned  Single  Strength  Orange  Juice. 
Steam  Blanching  of  Peas. 

Enzyme  Regeneration  in  High  Temperature— Short  Time 
Sterilized  Canned  Foods. 


Some  Aspects  of  Canning  Soft  Drinks. 

Scheduling  Plantings  and  Predicting  Harvest  Maturities 
for  Processing  Vegetables. 

Can  Linings. 


METAL  DIVISION 

Research  &  Development  Department 
•  DIVISION  LABORATORIES  • 

EASTERN:  100  E.  42nd  ST.,  NEW  YORK  17,  N.  Y. 
CENTRAL:  464 5  W.  GRAND  AVENUE,  CHICAGO  39,  ILL. 
PACIFIC:  685  “A"  ST.,  P.O.  BOX  178,  HAYWARD,  CALIF. 


Eastern 

800  EAST  BIDDLE  ST. 
BALTIMORE  13,  MD. 


fi:  RIF  I  ED  I 
20,3 « 


38  NEWBURY  ST. 
BOSTON  16,  MASS. 

1 i  N.  GREENWOOD  ST. 

P.O.  BOX  1007 
HOUSTON  11,  TEXAS 


1310  RICHARDS  BLDG. 
NEW  ORLEANS  12,  LA. 


530  FIFTH  AVE. 
NEW  YORK  36,  N.  Y. 


297  GETTY  AVE. 
PATERSON  3,  N.  J. 

12  SOUTH  12th  ST. 
PHILADELPHIA  7,  PA. 


FIELD  LABORATORIES 

1016  EAST  WATER  ST. 
SYRACUSE  3,  N.  Y. 

510  LAKE  HOWARD  BLVD.,  N.  W 
P.O.  BOX  840 
WINTER  HAVEN,  FLA. 


Central 

143  PIPESTONE 
BENTON  HARBOR,  MICH. 

4645  WEST  GRAND  AVE. 
CHICAGO  39,  ILL. 

11550  MOSTELLER  RD. 
CINCINNATI  41,  OHIO 

241  CHEROKEE  ST. 
P.O.  BOX  4180 
DENVER  9,  COL. 


735  NORTH  WATER  ST. 
MILWAUKEE  2,  WIS. 

810  ROANOKE  BLDG. 
MINNEAPOLIS  2,  MINN. 

RM.  268  SWANSON  BLDG. 
8401  WEST  DODGE  RD. 
OMAHA  14,  NEB. 

818  OLIVE  ST. 

ST.  LOUIS  1,  MO. 

• 

Pacific 

685  "A"  ST. 

P.O.  BOX  178 
HAYWARD,  CAL. 

10200  NORTH  BURGARD  ST. 
P.O.  BOX  2680 
PORTLAND  3,  ORE. 


2615  GRANT  BLDG. 
PITTSBURGH  19,  PA. 


4141  BROADWAY 
KANSAS  CITY  11,  MO. 


127  W.  WASHINGTON  BLVD. 
WHITTIER,  CAL. 


CONTINENTAL  CAN  COMPANY  OF  CANADA,  LTD. 

790  BAY  ST.,  P.O.  BOX  4021,  TERMINAL  "A",  TORONTO  1,  ONTARIO 

•  DIVISION  LABORATORIES  • 

EASTERN:  P.O.  BOX  6104,  MONTREAL,  QUEBEC 
CENTRAL:  76  BIRMINGHAM  STREET,  NEW  TORONTO,  ONTARIO 
PACIFIC:  P.O.  BOX  20,  NEW  WESTMINSTER,  BRITISH  COLUMBIA 

CONTINENTAL  CAN  CORPORATION 

APARTADO  No.  1709,  HABANA,  CUBA 


CONTINENTAL 


CAN  COMPANY 


100  EAST  42nd  STREET,  NEW  YORK  17,  N.  Y. 


PRINTED  IN  U.S.A. 


c/W'(  ^  v  ■  & 


T  p  l  MYCORT 


CFTRI-MYSORE 


4898 
Vlold  counting  of 


RBI 


BIP 


■HUM 


<v£2te 


mg 


(T1 


rMH 


jsraKfl 


mT 


?*- 


-*«n 


»tr|i  *  Ml 


"W->« 


w» 


•<40 


■  r;v 


M 


mm 


*•>* 


'■*  »- 


■*fc 


r* {*.  m 


a  V 


r 


